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SLEEP STAGE DETECTION

TECHNICAL FIELD

[0001] The disclosure relates to medical therapy systems, and, more particularly,

control of medical therapy systems.

BACKGROUND

[0002] In some cases, an ailment or medical condition may affect the quality of a

patient's sleep. For example, neurological disorders may cause a patient to have

difficulty falling asleep, and may disturb the patient's sleep, e.g., cause the patient

to wake frequently during the night and/or early in the morning. Further,

neurological disorders may cause the patient to have difficulty achieving deep

sleep stages, such as one or more of the nonrapid eye movement (NREM) sleep

stages.

[0003] Examples of neurological disorders that may negatively affect patient sleep

quality include movement disorders, such as tremor, Parkinson's disease, multiple

sclerosis, or spasticity. The uncontrolled movements associated with such

movement disorders may cause a patient to have difficulty falling asleep, disturb

the patient's sleep, or cause the patient to have difficulty achieving deep sleep

stages. Parkinson's disease may also cause rapid eye movement (sleep) behavior

disorders (RBD), in which case, a patient may act out dramatic and/or violent

dreams, shout or make other noises (e.g., grunting) during the rapid eye movement

(REM) stage sleep.

[0004] Epilepsy is another example of a neurological disorder that may affect sleep

quality. In some patients, epileptic seizures may be triggered by sleep or

transitions between sleep stages, and may occur more frequently during sleep.

Furthermore, the occurrence of seizures may disturb sleep, e.g., wake the patient.

Often, epilepsy patients are unaware of the seizures that occur while they sleep,

and suffer from the effects of disturbed sleep, such as daytime fatigue and

concentration problems, without ever knowing why.

[0005] Psychological disorders, such as depression, mania, bipolar disorder, or

obsessive-compulsive disorder, may also similarly affect the ability of a patient to

sleep, or at least experience quality sleep. In the case of depression, a patient may



"sleep" for long periods of the day, but the sleep is not restful, e.g., includes

excessive disturbances and does not include deeper, more restful sleep stages.

Further, chronic pain, whether of neurological origin or not, as well as congestive

heart failure, gastrointestinal disorders and incontinence, may disturb sleep or

otherwise affect sleep quality.

[0006] Drugs are often used to treat neurological disorders. In some cases,

neurological disorders are treated via an implantable medical device (IMD), such

as an implantable stimulator or drug delivery device. The treatments for

neurological orders may themselves affect sleep quality.

[0007] Further, in some cases, poor sleep quality may increase the symptoms

experienced by a patient. For example, poor sleep quality may result in increased

movement disorder symptoms in movement disorder patients. The link between

poor sleep quality and increased symptoms is not limited to ailments that

negatively impact sleep quality, such as those listed above. Nonetheless, the

condition of a patient with such an ailment may progressively worsen when

symptoms disturb sleep quality, which may, in turn, increase the frequency and/or

intensity of symptoms of the patient's condition.

SUMMARY

[0008] In general, the disclosure is directed to determining a sleep stage of a

patient's sleep state based on a frequency characteristic of a biosignal from a brain

of the patient. A frequency characteristic of the biosignal may include, for

example, a power level (or energy) within one or more frequency bands of the

biosignal, a ratio of the power level in two or more frequency bands, a correlation

in change of power between two or more frequency bands, a pattern in the power

level of one or more frequency bands over time, and the like. In some cases, a

frequency characteristic of the biosignal may be associated with more than one

sleep stage. Accordingly, a sleep stage determination may include a determination

of whether a patient is generally in a sleep stage that is part of a group of sleep

stages associated with the same or similar biosignal frequency characteristic.

[0009] In some examples, therapy delivered to the patient during the sleep state

may be controlled based on the determined sleep stage. For example, a therapy



program may be selected based on the detected sleep stage or a therapy program

may be modified based on the detected sleep stage. Therapy to the patient during

the detected sleep stage may be delivered according to the selected or modified

therapy program.

[0010] In some examples, therapy delivery to the patient may be controlled after

making a first determination of a patient sleep stage based on the biosignal sensed

within the patient's brain and a second determination of a patient sleep stage based

on another physiological parameter of patient. If the first and second sleep stage

determinations are consistent, therapy delivery to the patient may be controlled

according to the determined sleep stage. If the first and second sleep stage

determinations are not consistent, the therapy delivery may not be adjusted, but,

rather, the therapy parameter values that were implemented prior to the first and

second sleep stage determinations may be maintained.

[0011] In one aspect, the disclosure is directed to a method comprising receiving a

biosignal that is indicative of activity within a brain of a patient, determining a

frequency characteristic of the biosignal, comparing the frequency characteristic of

the biosignal to at least one of a threshold value or template, and determining a

sleep stage of the patient based on the comparison between the frequency

characteristic of the biosignal and the at least one of the threshold value or

template, wherein the sleep stage occurs during a sleep state of the patient, the

sleep state comprising a plurality of sleep stages.

[0012] In another aspect, the disclosure is directed to a method comprising

sensing a biosignal from a brain of a patient, determining a frequency characteristic

of the biosignal, determining whether the patient is in at least one of an awake

state, a first sleep stage or a second sleep stage based on the frequency

characteristic of the biosignal, activating therapy delivery to the patient if the

patient is in the awake state or the first sleep stage, and deactivating or decreasing

an intensity of therapy delivered to the patient if the patient is in the second sleep

stage.

[0013] In another aspect, the disclosure is directed to a system comprising a

sensing module that senses a biosignal generated within a brain of a patient, and a

processor that receives the biosignal, determines a frequency characteristic of the



biosignal, compares the frequency characteristic of the biosignal to at least one of a

threshold value or template, and determines a sleep stage of the patient based on

the comparison between the frequency characteristic of the biosignal and the at

least one of the threshold value or the template, wherein the sleep stage occurs

during a sleep state of the patient, the sleep state comprising a plurality of sleep

stages.

[0014] In another aspect, the disclosure is directed to a system comprising means

for receiving a biosignal that is indicative of activity within a brain of a patient,

means for determining a frequency characteristic of the biosignal, means for

comparing the frequency characteristic of the biosignal to at least one of a

threshold value or template, and means for determining a sleep stage of the patient

based on the comparison between the frequency characteristic of the biosignal and

the at least one of the threshold value or template, wherein the sleep stage occurs

during a sleep state of the patient, the sleep state comprising a plurality of sleep

stages.

[0015] In another aspect, the disclosure is directed to a computer-readable medium

containing instructions. The instructions cause a programmable processor to

receive a biosignal that is indicative of activity within a brain of a patient,

determine a frequency characteristic of the biosignal, compare the frequency

characteristic of the biosignal to at least one of a threshold value or template, and

determine a sleep stage of the patient based on the comparison between the

frequency characteristic of the biosignal and the at least one of the threshold value

or template, wherein the sleep stage occurs during a sleep state of the patient, the

sleep state comprising a plurality of sleep stages.

[0016] In another aspect, the disclosure is directed to a method comprising

monitoring a biosignal during a sleep state of a patient, wherein the biosignal is

indicative of activity within a brain of a patient, evaluating one or more frequency

characteristics of the biosignal, determining a sleep stage of the patient, wherein

the sleep stage occurs during the sleep state of the patient, the sleep state

comprising a plurality of sleep stages, and associating the one or more frequency

characteristics of the biosignal with the sleep stage, wherein the one or more

frequency characteristics comprises at least one of a threshold value or a template.



[0017] In another aspect, the disclosure is directed to a computer-readable medium

containing instructions. The instructions cause a programmable processor to

evaluate one or more frequency characteristics of a biosignal that is indicative of

activity within a brain of a patient, determine a sleep stage of the patient, wherein

the sleep stage occurs during a sleep state of the patient, the sleep state comprising

a plurality of sleep stages, and associate the one or more frequency characteristics

of the biosignal with the sleep stage, wherein the one or more frequency

characteristics comprises at least one of a threshold value or a template.

[0018] In another aspect, the disclosure is directed to a system comprising a

sensing module that generates a biosignal indicative of activity within a brain of a

patient, and a processor that receives the biosignal during a sleep state of the

patient, determines a frequency characteristic of the biosignal, evaluates one or

more frequency characteristics of the biosignal, determines a sleep stage of the

patient, wherein the sleep stage occurs during the sleep state of the patient, the

sleep state comprising a plurality of sleep stages, and associates the one or more

frequency characteristics of the biosignal with the sleep stage, wherein the one or

more frequency characteristics comprises at least one of a threshold value or a

template.

[0019] In another aspect, the disclosure is directed to a computer-readable medium

comprising instructions. The instructions cause a programmable processor to

perform any of the techniques described herein.

[0020] The details of one or more examples of the disclosure are set forth in the

accompanying drawings and the description below.

BRIEF DESCRIPTION OF DRAWINGS

[0021] FIG. 1 is a conceptual diagram illustrating an example deep brain

stimulation (DBS) system.

[0022] FIG. 2 is functional block diagram illustrating components of an example

medical device.

[0023] FIG. 3 is a block diagram illustrating an example configuration of a

memory of a medical device.



[0024] FIG. 4 illustrates an example therapy programs table that may be stored

within a memory of a medical device.

[0025] FIG. 5 is a functional block diagram illustrating components of an example

medical device programmer.

[0026] FIGS. 6 and 7 are flow diagrams illustrating example techniques for

controlling therapy delivery to a patient based on a determined patient sleep stage.

[0027] FIG. 8 illustrates an example table that associates different sleep stages and

a patient awake state with threshold power values within a beta frequency band and

with therapy programs.

[0028] FIG. 9 illustrates an example table that associates different sleep stages and

a patient awake state with threshold power values within an alpha frequency band.

[0029] FIGS. 10A- 1OE are conceptual graphs illustrating power levels within

different frequency bands for an awake state and different stages of a sleep state of

a patient.

[0030] FIG. 11 is a conceptual graph illustrating a change in a power level of a

biosignal within a particular frequency band over time.

[0031] FIGS. 12A-12D are conceptual graphs that illustrate the distribution of

power of a biosignal of a human subject over time during the awake state and

various sleep stages.

[0032] FIG. 13 is a logic diagram illustrating an example circuit that determines a

sleep stage from a biosignal that is generated based on local field potentials (LFP)

within a brain of a patient.

[0033] FIG. 14 is a flow diagram illustrating another example technique for

controlling therapy delivery based on a determined patient sleep stage.

[0034] FIGS. 15A illustrates an example table that associates different sleep stages

and a patient awake state with therapy programs and a common threshold value

indicative of a ratio of powers between sigma and high beta frequency bands.

[0035] FIGS. 15B illustrates an example table that associates different sleep stages

and a patient awake state with therapy programs and a different threshold values

indicative of a ratio of powers between beta and alpha frequency bands.



[0036] FIGS. 15C illustrates an example table that associates different sleep stages

and a patient awake state with therapy programs and a common threshold value

indicative of a ratio of powers between theta and alpha frequency bands.

[0037] FIG. 16 is a conceptual graph illustrating a change in a ratio of powers of

two frequency bands of a biosignal over time.

[0038] FIG. 17 is a logic diagram illustrating an example circuit that may be

implemented to determine a sleep stage from a ratio of power levels within two

frequency bands of a biosignal that is generated based on local field potentials

(LFP) within a brain of a patient.

[0039] FIG. 18 is a flow diagram illustrating another example technique for

controlling therapy delivery based on a determined patient sleep stage.

[0040] FIG. 19 is a flow diagram illustrating an example technique for associating

one or more frequency characteristics of a biosignal with a patient sleep stage.

[0041] FIG. 20 is a flow diagram illustrating an example technique for controlling

therapy delivery based on multiple sleep stage determinations.

[0042] FIG. 2 1 is a conceptual illustration of examples of different sensing

modules that may be used to generate physiological signals indicative of one or

more physiological parameters of a patient.

[0043] FIG. 22 is functional block diagram illustrating components of an example

medical device that delivers a therapeutic agent to a patient.

DETAILED DESCRIPTION

[0044] FIG. 1 is a conceptual diagram illustrating an example deep brain

stimulation (DBS) system 10 that manages a medical condition of patient 12, such

as a neurological disorder. DBS system 10 includes medical device programmer

14, implantable medical device (IMD) 16, lead extension 18, and leads 2OA and

2OB with respective electrodes 22A, 22B. Patient 12 ordinarily will be a human

patient. In some cases, however, DBS system 10 may be applied to other

mammalian or non-mammalian non-human patients. Some patient conditions,

such as Parkinson's disease and other neurological conditions, result in impaired

sleep states. DBS system 10 may help minimize the severity or duration, and, in



some cases, eliminate symptoms associated with the patient condition, including

impaired sleep states.

[0045] In the example shown in FIG. 1, DBS system 10 includes a processor that

determines whether patient 12 is in a sleep state, and controls therapy to patient 12

upon determining patient 12 is in the sleep state. The sleep state may refer to a

state in which patient 12 is intending on sleeping (e.g., initiating thoughts of sleep),

is attempting to sleep or has initiated sleep and is currently sleeping. In addition,

the processor may determine a sleep stage of the sleep state based on a biosignal

detected within brain 13 of patient 12, and control therapy delivery to patient 12

based on a determined sleep stage. Example biosignals are described below.

[0046] Within a sleep state, patient 12 may be within one of a plurality of sleep

stages. Example sleep stages include, for example, Stage 1 (also referred to as

Stage N l or Sl), Stage 2 (also referred to as Stage N2 and S2), Deep Sleep (also

referred to as slow wave sleep), and rapid eye movement (REM). The Deep Sleep

stage may include multiple sleep stages, such as Stage N3 (also referred to as Stage

S3) and Stage N4 (also referred to as Stage S4). In some cases, patient 12 may

cycle through the Stage 1, Stage 2, Deep Sleep, REM sleep stages more than once

during a sleep state. The Stage 1, Stage 2, and Deep Sleep stages may be

considered non-REM (NREM) sleep stages.

[0047] During the Stage 1 sleep stage, patient 12 may be in the beginning stages of

sleep, and may begin to lose conscious awareness of the external environment.

During the Stage 2 and Deep Sleep stages, muscular activity of patient 12 may

decrease, and conscious awareness of the external environment may disappear.

During the REM sleep stage, patient 12 may exhibit relatively increased heart rate

and respiration compared to Sleep Stages 1 and 2 and the Deep Sleep stage. In

some cases, the Stage 1, Stage 2, and deep sleep stages may each last about five

minutes to about fifteen minutes, although the actual time ranges may vary

between patients. In some cases, REM sleep may begin about ninety minutes after

the onset of sleep, and may have a duration of about five minutes to about fifteen

minutes or more, although the actual time ranges may vary between patients.

[0048] In some examples, DBS system 10 stores a plurality of therapy programs

(e.g., a set of therapy parameter values), and at least one stored therapy program is



associated with at least one sleep stage. A processor of IMD 16 or programmer 14

may select a stored therapy program that defines therapy parameter values for

therapy delivery to patient 12 based on a determined sleep stage. In this way, the

processor may control therapy delivery to patient 12 based on the determined sleep

stage. In some examples, at least one of the stored therapy programs is associated

with a respective one of at least two different sleep stages. In addition, in some

examples, at least one of the stored therapy programs is associated with at least two

different sleep stages.

[0049] DBS system 10 is useful for managing a patient condition that results an

impaired sleep state, which may be presented impaired sleep quality in or more

sleep stages. Different therapy parameter values may provide efficacious therapy

(e.g., improved sleep quality) for different sleep stages of patient 12. Rather than

delivering therapy according to one or more therapy programs regardless of the

patient's current sleep stage, DBS system 10 selectively delivers a therapy program

that helps provide efficacious therapy during a detected sleep stage of patient 12.

Further, in some examples, therapy delivery to patient 12 may be decreased or

even deactivated upon detecting a particular sleep stage, thereby conserving power

of IMD 16, which may have a limited amount of stored power.

[0050] In other examples, DBS system 10 may modify at least one therapy

parameter value of a stored program based on a determined sleep stage. The

modifications to the therapy program may be made based on instructions that are

associated with the determined sleep stage. In this way, DBS system 10 is

configured to adapt therapy parameter values to a current sleep stage and deliver

responsive therapy during the sleep stage. The current sleep stage may be the sleep

stage of patient 12 at approximately the same time at which the sleep stage is

detected and, in some cases, approximately the same time at which a therapy

program is selected.

[0051] As previously discussed, a sleep stage may refer to a particular phase of

sleep during a sleep state of patient 12, whereas the sleep state refers to a situation

in which patient 12 is intending on sleeping (e.g., initiating thoughts of sleep), is

attempting to sleep or has initiated sleep and is currently sleeping. When patient

12 attempts to sleep, patient 12 may successfully initiate sleep, but may not be able



to maintain a certain sleep stage (e.g., a Deep Sleep stage). As another example,

when patient 12 attempts to sleep, patient 12 may not be able to initiate sleep or

may not be able to initiate a certain sleep stage. In some cases, a patient condition,

such as Parkinson's disease, may affect the quality of a patient's sleep. For

example, patients that are afflicted with neurological disorders may suffer from

sleep disturbances, such as, insomnia, disturbances in REM sleep (e.g., REM sleep

behavior disorders), disrupted sleep architecture, periodic limb movements or sleep

respiratory disorders or daytime somnolence. Daytime somnolence may include

excessive sleepiness caused by a decreased quality of sleep during the night.

Accordingly, neurological disorders may cause patient 12 to have difficulty falling

asleep and/or may disturb the patient's sleep, e.g., cause patient 12 to wake

periodically. Further, neurological disorders may cause patient 12 to have

difficulty achieving deeper sleep stages, such as one or more of the NREM sleep

stages. The sleep disorder symptoms may be related to nocturnal rigidity,

hypokinesia, pain, effects of antiparkisonian drugs, anxiety and depression (which

may coexist with the movement disorder), and dysfunctions of one or more brain

structures involved in sleep regulation.

[0052] Epilepsy is an example of a neurological disorder that may affect sleep

quality. Other neurological disorders that may negatively affect patient sleep

quality include movement disorders, such as tremor, Parkinson's disease, multiple

sclerosis, or spasticity. Movement disorders may include symptoms such as

rigidity, bradykinesia (i.e., slow physical movement), rhythmic hyperkinesia (e.g.,

tremor), nonrhythmic hyperkinsesia (e.g., tics) or akinesia (i.e., a loss of physical

movement). Uncontrolled movements associated with some movement disorders

or difficulty moving may cause a patient to have difficulty falling asleep, disturb

the patient's sleep, or cause the patient to have difficulty achieving deeper sleep.

Further, in some cases, poor sleep quality may increase the frequency or intensity

of symptoms experienced by patient 12 due to a neurological disorder. For

example, poor sleep quality has been linked to increased movement disorder

symptoms in movement disorder patients.

[0053] In some examples, DBS system 10 or other types of therapy systems may

help manage sleep disorder symptoms of patients with conditions other than



neurological conditions, such as psychiatric (or psychological) disorders.

Examples of psychiatric disorders that may result in one or more impaired sleep

stages includes major depressive disorder, anxiety, hypomania or bipolar disorder.

[0054] In some examples, delivery of stimulation to one or more regions of brain

13, such as the subthalamic nucleus, may be an effective treatment for movement

disorders, such as Parkinson's disease, and the treatment for the movement

disorder may also improve sleep quality in certain aspects, such as decreasing sleep

fragmentation. However, other aspects of the patient's sleep may remain

unimproved by the DBS to treat movement disorders. Accordingly, DBS system

10 provides therapy delivery to patient 12 during particular sleep stages, where the

therapy delivery may be specifically configured to address sleep disorder

symptoms associated with the particular sleep stages, in order to help alleviate at

least some sleep disturbances. Dynamically changing the therapy parameter values

based on the patient's sleep stage may be useful for addressing the patient's sleep

disorder symptoms.

[0055] Patients with Parkinson's disease or other movement disorders associated

with a difficulty moving (e.g., akinesia, bradykinesia or rigidity) may have a poor

quality of sleep during the Stage 1 sleep stage, when patient 12 is attempting to fall

asleep. For example, an inability to move during the Stage 1 sleep stage may be

discomforting to patient 12, which may affect the ability to fall asleep.

Accordingly, during a sleep stage associated with the Stage 1 sleep stage, a

processor of IMD 16 or programmer 14 may select a therapy program that helps

improve the motor skills of patient 12, such that patient 12 may initiate movement

or maintain movement, e.g., to adjust a sleeping position.

[0056] In addition, patients with movement disorders associated with a difficulty

moving may find it difficult to get out of bed after waking up. Accordingly, upon

determining that a patient 12 is no longer in a sleep state (e.g., no longer asleep or

attempting to sleep) based on biosignals within brain 13, DBS system 10 may

control delivery of a therapy to help patient 12 get out of bed or otherwise initiate

movement. In contrast, therapy systems that only rely on motion detectors (e.g.,

accelerometers) to control therapy systems may be ineffective for patients with

Parkinson's disease or other difficulty initiating movement, because the patient



may be awake, yet unable to move. In other words, a therapy system that would

rely primarily on an accelerometer or other motion sensors may be unable to

determine when a Parkinson's patient has woken up because the patient may be

unable to move. In contrast, DBS system 10 may select a therapy program that

helps improve the motor skills of patient 12 upon detecting the patient's awake

state (i.e., when patient 12 is not sleeping), such that patient 12 may initiate

movement or maintain movement, e.g., to help patient 12 get out of bed.

[0057] In some patients with movement disorders, the patient may become more

physically active during the REM sleep stage. For example, patient 12 may

involuntarily move his legs during the REM sleep stage or have other periodic limb

movements. The physical activity of patient 12 may be disruptive to the patient's

sleep, as well as to others around patient 12 when patient 12 is in the REM sleep

stage. Accordingly, upon detecting a sleep stage associated with the REM sleep

stage, DBS system 10 may select a therapy program that helps minimize the

patient's movement.

[0058] In some examples, DBS system 10 may deliver stimulation to certain

regions of brain 13, such as the locus coeruleus, dorsal raphe nucleus, posterior

hypothalamus, reticularis pontis oralis nucleus, nucleus reticularis pontis caudalis,

or the basal forebrain, during a sleep stage in order to help patient 12 fall asleep,

maintain the sleep stage or maintain deeper sleep stages (e.g., REM sleep). The

therapy delivery sites for therapy delivery during one or more sleep stages of

patient 12 may be the same as or different from the therapy delivery sites used to

deliver therapy to patient 12 to manage the patient's other condition (e.g., a

neurological disorder). In addition to or instead of electrical stimulation therapy, a

suitable pharmaceutical agent, such as acetylcholine, dopamine, epinephrine,

norepinephrine, serotonine, inhibitors of noradrenaline or any agent for affecting a

sleep disorder or combinations thereof may be delivered to brain 13 of patient 12.

By alleviating the patient's sleep disturbances and improving the quality of the

patient's sleep, patient 12 may feel more rested, and, as a result, DBS system 10

may help improve the quality of the patient's life.

[0059] IMD 16 includes a therapy module that includes a stimulation generator

that delivers electrical stimulation therapy to patient 12 via electrodes 22A, 22B of



leads 2OA and 2OB, respectively, as well as a processor that selects therapy

parameter values (e.g., via selecting a therapy program or modifying a therapy

program) based on a detected sleep stage of patient 12. In some examples, as

described in further detail below, a processor of IMD 16 may determine the sleep

stage patient 12 is in based on a frequency characteristic of one or more biosignals

detected within brain 13 of patient 12 via electrodes 22A, 22B of leads 2OA and

2OB, respectively, or a separate electrode array that is electrically coupled to IMD

16 or a separate sensing device. In addition, in some examples, the biosignal may

be detected from external electrodes that are placed on the patient's scalp to sense

brain signals.

[0060] Examples of biosignals indicative of brain activity (e.g., brain signals)

include, but are not limited to, electrical signals generated from local field

potentials within one or more regions of brain 13, such as, but not limited to, an

electroencephalogram (EEG) signal or an electrocorticogram (ECoG) signal. In

some examples, the electrical signals within brain 13 may reflect changes in

electrical current produced by the sum of electrical potential differences across

brain tissue.

[0061] The biosignals that are detected may be detected within the same tissue site

of brain 13 as the target tissue site for delivery of electrical stimulation. In other

examples, the biosignals may be detected within another tissue site. For example,

electrical stimulation may be delivered to the pedunculopontine nucleus (PPN),

while biosignals may be detected within the primary visual cortex (e.g., Brodmann

area 17) of brain 13. The PPN is located in the brainstem of brain 13, caudal to the

substantia nigra and adjacent to the superior cerebellar penduncle. The PPN is a

major brain stem motor area and may control gait and balance of movement, as

well as muscle tone, rigidity, and posture of patient 12. The target therapy delivery

site may depend upon the patient disorder that is being treated. In other examples,

a biosignal may be detected within the thalamus, subthalamic nucleus, internal

globus pallidus, or PPN of brain 13. In addition to or instead of deep brain sites,

the biosignal may be detected on a surface of brain 13, such as between the

patient's cranium and the dura mater of brain 13.



[0062] Electrical stimulation generated by IMD 16 may be configured to manage a

variety of disorders and conditions. The therapy module within IMD 16 may

produce the electrical stimulation in the manner defined by a therapy program that

is selected based on the determined patient sleep stage. In some examples, the

stimulation generator of IMD 16 is configured to generate and deliver electrical

pulses to patient 12. However, in other examples, the stimulation generator of

IMD 16 may be configured to generate a continuous wave signal, e.g., a sine wave

or triangle wave. In either case, IMD 16 generates the electrical stimulation

therapy for DBS according to a therapy program that is selected at that given time

in therapy. In examples in which IMD 16 delivers electrical stimulation in the

form of stimulation pulses, a therapy program may include a set of therapy

parameter values, such as an electrode combination for delivering stimulation to

patient 12, pulse frequency, pulse width, and a current or voltage amplitude of the

pulses. The electrode combination may indicate the specific electrodes 22A, 22B

that are selected to deliver stimulation signals to tissue of patient 12 and the

respective polarity of the selected electrodes.

[0063] While the description of DBS system 10 is primarily directed to examples

in which IMD 16 determines a sleep stage of patient 12 and selects a therapy

program based on the determined stage, in other examples, a device separate from

IMD 16, such as programmer 14, a sensing module that is separate from IMD 16 or

another computing device, may determine the sleep stage of patient 12 and provide

the indication to IMD 16. Furthermore, although IMD 16 may select a therapy

program based on the determined sleep stage, in other examples, another device

may select a therapy program based on the determined patient sleep stage, whether

the patient sleep stage is determined by IMD 16 or a separate device, and input the

therapy parameter values of the therapy program to IMD 16. Moreover, in some

examples, IMD 16 or another device may select a therapy program group based on

a detected sleep stage, where the therapy program group includes two or more

therapy programs. The stimulation therapy according to the therapy programs of

the group may be delivered simultaneously or on a time-interleaved basis, either in

an overlapping or non-overlapping manner.



[0064] IMD 16 may be implanted within a subcutaneous pocket above the clavicle,

or, alternatively, the abdomen, back or buttocks of patient 12. Implanted lead

extension 18 is coupled to IMD 16 via connector 24. In the example of FIG. 1,

lead extension 18 traverses from the implant site of IMD 16 and along the neck of

patient 12 to cranium 26 of patient 12 to access brain 13. In the example shown in

FIG. 1, leads 2OA and 2OB (collectively "leads 20") are implanted within the right

and left hemispheres, respectively, of patient 12 in order deliver electrical

stimulation to one or more regions of brain 13, which may be selected based on the

patient condition or disorder controlled by DBS system 10. Other lead 20 and

IMD 16 implant sites are contemplated. For example, IMD 16 may be implanted

on or within cranium 26, in some examples. Or leads 2OA, 2OB may be implanted

on the same hemisphere or IMD 16 may be coupled to a single lead. External

programmer 14 wirelessly communicates with IMD 16 as needed to provide or

retrieve therapy information.

[0065] Although leads 20 are shown in FIG. 1 as being coupled to a common lead

extension 18, in other examples, leads 20 may be coupled to IMD 16 via separate

lead extensions or directly to connector 24. Leads 20 may be positioned to deliver

electrical stimulation to one or more target tissue sites within brain 13 to manage

patient symptoms associated with the sleep impairment of patient 12, and, in some

cases, a neurological disorder of patient 12, such as a movement disorder. In the

example shown in FIG. 1, leads 20 are positioned to provide therapy to patient 12

to manage movement disorders and sleep impairment. Example locations for leads

20 within brain 13 may include the PPN, thalamus, basal ganglia structures (e.g.,

the globus pallidus, substantia nigra or subthalamic nucleus), zona inserta, fiber

tracts, lenticular fasciculus (and branches thereof), ansa lenticularis, and/or the

Field of Forel (thalamic fasciculus). Leads 20 may be implanted to position

electrodes 22A, 22B (collectively "electrodes 22") at desired location of brain 13

through respective holes in cranium 26. Leads 20 may be placed at any location

within brain 13 such that electrodes 22 are capable of providing electrical

stimulation to target tissue sites within brain 13 during treatment. For example, in

examples, electrodes 22 may be surgically implanted under the dura mater of brain



13 or within the cerebral cortex of brain 13 via a burr hole in cranium 26 of patient

12, and electrically coupled to IMD 16 via one or more leads 20.

[0066] Example techniques for delivering therapy to manage a movement disorder

are described in U.S. Patent Application Serial No. to Molnar et al. (attorney

docket no. 1023-644US01/P0026246.01), entitled, "THERAPY CONTROL

BASED ON A PATIENT MOVEMENT STATE," which was filed on the same

date as the present disclosure, U.S. Provisional No. 60/999,096 to Molnar et al.,

entitled, "DEVICE CONTROL BASED ON PROSPECTIVE MOVEMENT" and

filed on October 16, 2007 and U.S. Provisional No. 60/999,097 to Denison et al.,

entitled, "RESPONSIVE THERAPY SYSTEM" and filed on October 16, 2007. In

some examples described by U.S. Patent Application Serial No. to Molnar

et al. (attorney docket no. 1023-644US01/P0026246.01) and U.S. Provisional

Patent Application Serial No. 60/999,096 to Molnar et al., brain signals are

detected within a dorsal-lateral prefrontal (DLPF) cortex of a patient that are

indicative of prospective movement of the patient. The signals within the DLPF

cortex that are indicative of prospective patient movement may be used to control

the delivery of movement disorder therapy, such as delivery of electrical

stimulation, fluid delivery or a sensory cue (e.g., visual, somatosensory or auditory

cue).

[0067] In some examples described by U.S. Patent Application Serial No. to

Molnar et al. (attorney docket no. 1023-644US01/P0026246.01) and U.S.

Provisional Patent Application Serial No. 60/999,097 to Denison et al., a brain

signal, such an EEG or ECoG signal, may be used to determine whether a patient is

in a movement state or a rest state. The movement state includes the state in which

the patient is generating thoughts of movement (i.e., is intending to move),

attempting to initiate movement or is actually undergoing movement. The

movement state or rest state determination may then be used to control therapy

delivery. For example, upon detecting a movement state of the patient, therapy

delivery may be activated in order to help the patient initiate movement or

maintain movement, and upon detecting a rest state of the patient, therapy delivery

may be deactivated or otherwise modified.



[0068] In the example shown in FIG. 1, electrodes 22 of leads 20 are shown as ring

electrodes. Ring electrodes may be used in DBS applications because they are

relatively simple to program and are capable of delivering an electrical field to any

tissue adjacent to electrodes 22. In other examples, electrodes 22 may have

different configurations. For examples, in some examples, electrodes 22 of leads

20 may have a complex electrode array geometry that is capable of producing

shaped electrical fields. The complex electrode array geometry may include

multiple electrodes (e.g., partial ring or segmented electrodes) around the outer

perimeter of each lead 20, rather than one ring electrode. In this manner, electrical

stimulation may be directed to a specific direction from leads 20 to enhance

therapy efficacy and reduce possible adverse side effects from stimulating a large

volume of tissue. In some examples, a housing of IMD 16 may include one or

more stimulation and/or sensing electrodes. In alternative examples, leads 20 may

be have shapes other than elongated cylinders as shown in FIG. 1. For example,

leads 20 may be paddle leads, spherical leads, bendable leads, or any other type of

shape effective in treating patient 12.

[0069] In the example shown in FIG. 1, IMD 16 includes a memory to store a

plurality of therapy programs that each define a set of therapy parameter values.

Upon determining a current sleep stage of patient 12, such as by determining the

current sleep stage based on biosignals monitored within brain 13, IMD 16 may

select a therapy program from the memory, where the therapy program is

associated with the current sleep stage, and generate the electrical stimulation to

manage the patient symptoms associated with the determined sleep stage. IfDBS

system 10 is configured to provide therapy during a plurality of patient sleep

stages, each sleep stage may be associated with a different therapy program

because different therapy programs may provide more effective therapy for a

certain sleep stages compared to other therapy programs. Alternatively, two or

more sleep stages may be associated with a common therapy program.

Accordingly, IMD 16 may store a plurality of programs or programmer 14 may

store a plurality of programs that are provided to IMD 16 via wireless telemetry.

[0070] During a trial stage in which IMD 16 is evaluated to determine whether

IMD 16 provides efficacious therapy to patient 12, a plurality of therapy programs



may be tested and evaluated for efficacy relative to one or more sleep stages.

Therapy programs may be selected for storage within IMD 16 based on the results

of the trial stage. During chronic therapy in which IMD 16 is implanted within

patient 12 for delivery of therapy on a non-temporary basis, different therapy

programs may be delivered to patient 12 based on a determined sleep stage of

patient 12. As previously described, in some examples, IMD 16 may automatically

determine the current sleep stage of patient 12 based on one or more biosignals, or

may receive input from another device that automatically determines the sleep

stage of patient 12. In addition, patient 12 may modify the value of one or more

therapy parameter values within a single given program or switch between

programs in order to alter the efficacy of the therapy as perceived by patient 12

with the aid of programmer 14. The memory of IMD 16 may store instructions

defining the extent to which patient 12 may adjust therapy parameters, switch

between programs, or undertake other therapy adjustments. Patient 12 may

generate additional programs for use by IMD 16 via external programmer 14 at any

time during therapy or as designated by the clinician.

[0071] Generally, IMD 16 is constructed of a biocompatible material that resists

corrosion and degradation from bodily fluids. IMD 16 may comprise a hermetic

housing to substantially enclose components, such as a processor, therapy module,

and memory. IMD 16 may be implanted within a subcutaneous pocket close to the

stimulation site. As previously described, although IMD 16 is implanted within a

subcutaneous pocket above the clavicle of patient 12 in the example shown in FIG.

1, in other examples, IMD 16 may be implanted on or within cranium 26, within

the patient's back, abdomen or any other suitable place within patient 12.

[0072] Programmer 14 is an external computing device that the user, e.g., the

clinician and/or patient 12, may use to communicate with IMD 16. For example,

programmer 14 may be a clinician programmer that the clinician uses to

communicate with IMD 16 and program one or more therapy programs for IMD

16. Alternatively, programmer 14 may be a patient programmer that allows patient

12 to select programs and/or view and modify therapy parameters. The clinician

programmer may include more programming features than the patient programmer.

In other words, more complex or sensitive tasks may only be allowed by the



clinician programmer to prevent an untrained patient from making undesired

changes to IMD 16.

[0073] Programmer 14 may be a hand-held computing device with a display

viewable by the user and an interface for providing input to programmer 14 (i.e., a

user input mechanism). For example, programmer 14 may include a small display

screen (e.g., a liquid crystal display (LCD) or a light emitting diode (LED) display)

that provides information to the user. In addition, programmer 14 may include a

touch screen display, keypad, buttons, a peripheral pointing device or another input

mechanism that allows the user to navigate though the user interface of

programmer 14 and provide input. If programmer 14 includes buttons and a

keypad, the buttons may be dedicated to performing a certain function, i.e., a

power button, or the buttons and the keypad may be soft keys that change in

function depending upon the section of the user interface currently viewed by the

user. Alternatively, the screen (not shown) of programmer 14 may be a touch

screen that allows the user to provide input directly to the user interface shown on

the display. The user may use a stylus or their finger to provide input to the

display.

[0074] In other examples, programmer 14 may be a larger workstation or a

separate application within another multi-function device, rather than a dedicated

computing device. For example, the multi-function device may be a notebook

computer, tablet computer, workstation, cellular phone, personal digital assistant or

another computing device may run an application that enables the computing

device to operate as medical device programmer 14. A wireless adapter coupled to

the computing device may enable secure communication between the computing

device and IMD 16.

[0075] When programmer 14 is configured for use by the clinician, programmer

14 may be used to transmit initial programming information to IMD 16. This

initial information may include hardware information, such as the type of leads 20

and the electrode arrangement, the position of leads 20 within brain 13, the

configuration of electrode array 22, initial programs defining therapy parameter

values, and any other information the clinician desires to program into IMD 16.



Programmer 14 may also be capable of completing functional tests (e.g.,

measuring the impedance of electrodes 22 of leads 20).

[0076] The clinician also may also store therapy programs within IMD 16 with the

aid of programmer 14. During a programming session, the clinician may

determine one or more therapy programs that may provide efficacious therapy to

patient 12 to address symptoms associated with one or more different patient sleep

stages. Patient 12 may provide feedback to the clinician as to the efficacy of the

specific program being evaluated. Once the clinician has identified one or more

therapy programs that may be efficacious in managing one or more sleep stages of

patient 12, patient 12 may continue the evaluation process and identify, for each of

the patient sleep stages, the one or more programs that best mitigate symptoms

associated with the sleep stage. The evaluation of therapy programs may be

completed after patient 12 wakes up. In some cases, the same therapy program

may be applicable to two or more sleep stages. Programmer 14 may assist the

clinician in the creation/identification of therapy programs by providing a

methodical system for identifying potentially beneficial therapy parameter values.

[0077] Programmer 14 may also be configured for use by patient 12. When

configured as a patient programmer, programmer 14 may have limited

functionality (compared to a clinician programmer) in order to prevent patient 12

from altering critical functions of IMD 16 or applications that may be detrimental

to patient 12. In this manner, programmer 14 may only allow patient 12 to adjust

values for certain therapy parameters or set an available range of values for a

particular therapy parameter.

[0078] Programmer 14 may also provide an indication to patient 12 when therapy

is being delivered, when patient input has triggered a change in therapy or when

the power source within programmer 14 or IMD 16 need to be replaced or

recharged. For example, programmer 14 may include an alert LED, may flash a

message to patient 12 via a programmer display, generate an audible sound or

somatosensory cue to confirm patient input was received, e.g., to indicate a patient

state or to manually modify a therapy parameter.

[0079] Whether programmer 14 is configured for clinician or patient use,

programmer 14 is configured to communicate to IMD 16 and, optionally, another



computing device, via wireless communication. Programmer 14, for example, may

communicate via wireless communication with IMD 16 using radio frequency

(RF) telemetry techniques known in the art. Programmer 14 may also

communicate with another programmer or computing device via a wired or

wireless connection using any of a variety of local wireless communication

techniques, such as RF communication according to the 802.1 1 or Bluetooth

specification sets, infrared (IR) communication according to the IRDA

specification set, or other standard or proprietary telemetry protocols. Programmer

14 may also communicate with other programming or computing devices via

exchange of removable media, such as magnetic or optical disks, memory cards or

memory sticks. Further, programmer 14 may communicate with IMD 16 and

another programmer via remote telemetry techniques known in the art,

communicating via a local area network (LAN), wide area network (WAN), public

switched telephone network (PSTN), or cellular telephone network, for example.

[0080] DBS system 10 may be implemented to provide chronic stimulation

therapy to patient 12 over the course of several months or years. However, system

10 may also be employed on a trial basis to evaluate therapy before committing to

full implantation. If implemented temporarily, some components of system 10

may not be implanted within patient 12. For example, patient 12 may be fitted

with an external medical device, such as a trial stimulator, rather than IMD 16.

The external medical device may be coupled to percutaneous leads or to implanted

leads via a percutaneous extension. If the trial stimulator indicates DBS system 10

provides effective treatment to patient 12, the clinician may implant a chronic

stimulator within patient 12 for relatively long-term treatment.

[0081] FIG. 2 is a functional block diagram illustrating components of an example

IMD 16. In the example shown in FIG. 2, IMD 16 generates and delivers electrical

stimulation therapy to patient 12. IMD 16 includes processor 50, memory 52,

stimulation generator 54, sensing module 55, telemetry module 56, power source

58, and sleep stage detection module 59. Although sleep stage detection module

59 is shown to be a part of processor 50 in FIG. 2, in other examples, sleep stage

detection module 59 and processor 50 may be separate components and may be

electrically coupled, e.g., via a wired or wireless connection.



[0082] Memory 52 may include any volatile or non-volatile media, such as a

random access memory (RAM), read only memory (ROM), non-volatile RAM

(NVRAM), electrically erasable programmable ROM (EEPROM), flash memory,

and the like. Memory 52 may store instructions for execution by processor 50 and

information defining therapy delivery for patient 12, such as, but not limited to,

therapy programs or therapy program groups, information associating therapy

programs with one or more sleep stages, thresholds or other information used to

detect sleep stages based on biosignals, and any other information regarding

therapy of patient 12. Therapy information may be recorded in memory 52 for

long-term storage and retrieval by a user. As described in further detail with

reference to FIG. 3, memory 52 may include separate memories for storing

information, such as separate memories for therapy programs, sleep stage

information, diagnostic information, and patient information. In some examples,

memory 52 stores program instructions that, when executed by processor 50, cause

IMD 16 and processor 50 to perform the functions attributed to them herein.

[0083] Processor 50 controls stimulation generator 54 to deliver electrical

stimulation therapy via one or more leads 20. An example range of electrical

stimulation parameters believed to be effective in DBS to manage a movement

disorder of patient include:

1. Frequency: between approximately 100 Hz and approximately 500

Hz, such as approximately 130 Hz.

2 . Voltage Amplitude: between approximately 0.1 volts and

approximately 50 volts, such as between approximately 0.5 volts and

approximately 20 volts, or approximately 5 volts. In other examples, a current

amplitude may be defined as the biological load in the voltage is delivered.

3 . In a current-controlled system, the current amplitude, assuming a

lower level impedance of approximately 500 ohms, may be between approximately

0.2 milliAmps to approximately 100 milliAmps, such as between approximately 1

milliAmps and approximately 40 milliAmps, or approximately 10 milliAmps.

However, in some examples, the impedance may range between about 200 ohms

and about 2 kiloohms.



4 . Pulse Width: between approximately 10 microseconds and

approximately 5000 microseconds, such as between approximately 100

microseconds and approximately 1000 microseconds, or between approximately

180 microseconds and approximately 450 microseconds.

[0084] Other ranges of therapy parameter values may also be useful, and may

depend on the target stimulation site within patient 12, which may or may not be

within brain 13. While stimulation pulses are described, stimulation signals may

be of any form, such as continuous-time signals (e.g., sine waves) or the like. The

therapy parameter values provided above may be useful for managing movement

disorder symptoms of patient 12 when patient is not sleeping.

[0085] An example range of electrical stimulation parameters believed to be

effective in DBS to manage symptoms present during a sleep state include:

1. Frequency: between approximately 0.1 Hz and approximately 500

Hz, such as between approximately 0.5 Hz and 200 Hz. In some cases, the

frequency of stimulation may change during delivery of stimulation, and may be

modified, for example, based on the sensed sleep stage or a pattern of sensed

biosignals during the sleep state. For example, the frequency of stimulation may

have a pattern within a given range, such as a random or pseudo-random pattern

within a frequency range of approximately 5 Hz to approximately 150 Hz around a

central frequency. In some examples, the waveform may also be shaped based on

a sensed signal to either be constructive or destructive in a complete or partial

manner, or phased shifted from about 0 degrees to about 180 degrees out of

phase.

2 . Amplitude: between approximately 0.1 volts and approximately 50

volts. In other examples, rather than a voltage controlled system, the stimulation

system may control the current.

3 . Pulse Width: between approximately 10 microseconds and

approximately 5000 microseconds, such as between approximately 100

microseconds and approximately 1000 microseconds, or between approximately

180 microseconds and approximately 450 microseconds.

[0086] The electrical stimulation parameter values provided above, however, may

differ from the given ranges depending upon the particular patient and the



particular sleep stage (e.g., an awake state, Stage 1, Stage 2, Deep Sleep, or REM)

occurring during the sleep state. For example, with respect to the sleep stage, the

stimulation parameter values may be modified based on the sleep stage during

which electrical stimulation is provided (e.g., an awake state, Stage 1, Stage 2,

Deep Sleep or REM). As described in further detail below, in some examples, it

may be desirable for stimulation generator 54 to deliver stimulation to patient 12

during the some sleep stages, and deliver minimal or no stimulation during other

sleep stages.

[0087] In each of the examples described herein, if stimulation generator 54 shifts

the delivery of stimulation energy between two therapy programs, processor 50 of

IMD 16 may provide instructions that cause stimulation generator 54 to time-

interleave stimulation energy between the electrode combinations of the two

therapy programs, as described in commonly-assigned U.S. Patent Application

Serial No. 11/401,100 by Steven Goetz et al, entitled, "SHIFTING BETWEEN

ELECTRODE COMBINATIONS IN ELECTRICAL STIMULATION DEVICE,"

and filed on April 10, 2006. In the time-interleave shifting example, the

amplitudes of the electrode combinations of the first and second therapy program

are ramped downward and upward, respectively, in incremental steps until the

amplitude of the second electrode combination reaches a target amplitude. The

incremental steps may be different between ramping downward or ramping

upward. The incremental steps in amplitude can be of a fixed size or may vary,

e.g., according to an exponential, logarithmic or other algorithmic change. When

the second electrode combination reaches its target amplitude, or possibly before,

the first electrode combination can be shut off. Other techniques for shifting the

delivery of stimulation signals between two therapy programs may be used in other

examples.

[0088] Processor 50 may include any one or more of a microprocessor, a

controller, a digital signal processor (DSP), an application specific integrated

circuit (ASIC), a field-programmable gate array (FPGA), discrete logic circuitry,

and the functions attributed to processor 50 herein may be embodied as firmware,

hardware, software or any combination thereof. Sleep detection stage module 59

may determine a current sleep stage of patient 12. As described in further detail



below, in some examples, sleep stage detection module 59 maybe coupled to

sensing module 55 that generates a signal indicative of electrical activity within

brain 13 of patient 12, as shown in FIG. 2 . In this way, sensing module 55 may

detect or sense a biosignal within brain 13 of patient 12. Although sensing module

55 is incorporated into a common housing with stimulation generator 54 and

processor 50 in FIG. 2, in other examples, sensing module 55 may be in a separate

housing from IMD 16 and may communicate with processor 50 via wired or

wireless communication techniques.

[0089] Example electrical signals include, but are not limited to, a signal generated

from local field potentials within one or more regions of brain 13. EEG and ECoG

signals are examples of local field potentials that may be measured within brain 13.

However, local field potentials may include a broader genus of electrical signals

within brain 13 of patient 12. Processor 50 may analyze the biosignal, e.g., a

frequency characteristic of the biosignal, to determine the current patient sleep

stage. A frequency characteristic of the biosignal may include, for example, a

power level (or energy) within one or more frequency bands of the biosignal, a

ratio of the power level in two or more frequency bands, a correlation in change of

power between two or more frequency bands, a pattern in the power level of one or

more frequency bands over time, and the like.

[0090] In examples, sleep stage detection module 59 (or, more generally, processor

50) may analyze the biosignal in the frequency domain to compare selected

frequency components of an amplitude waveform of the biosignal to corresponding

frequency components of a template signal or a threshold value. For example, one

or more specific frequency bands may be more revealing of a particular sleep stage

than others, and sleep stage detection module 59 may perform a spectral analysis

of the biosignal in the revealing frequency bands. The spectral analysis of a

biosignal may indicate the power level of each within each given frequency band

over a range of frequencies.

[0091] In some examples, sleep stage detection module 59 may receive a signal

from sensing module 55, which monitors a biosignal within brain 13 of patient 12

via at least some of the electrodes 22 or other electrodes. In one example,

electrodes 22 (or other electrodes) may generate the signal indicative of brain



activity, and sleep stage detection module 59 may receive the signal and analyze

the signal to determine which, if any, sleep stage patient 12 is in. In addition to or

instead of monitoring biosignals of patient 12 via electrodes coupled to at least one

of leads 20, sleep stage detection module 59 may receive biosignals from

electrodes coupled to another lead that is electrically coupled to sensing module

55, biosignals from electrodes coupled to an outer housing of IMD 16 and

electrically coupled to sensing module 55, and/or biosignals from a sensing module

that is separate from IMD 16.

[0092] Upon determining the patient's current sleep stage, sleep stage detection

module 59 may generate a sleep stage indication. The sleep stage indication may

be a value, flag, or signal that is stored or transmitted to indicate the current sleep

stage of patient 12. In some examples, sleep stage detection module 59 may

transmit the sleep stage indication another device, such as programmer 14, via

telemetry module 56. In the example shown in FIG. 2, processor 50 may select a

therapy program or modify a therapy program based on the sleep stage indication

generated by sleep stage detection module 59 and control the delivery of therapy

accordingly. Alternatively, processor 50 may select a therapy program from

memory 52 (e.g., by selecting a stored therapy program or selecting instructions

reflecting modifications to a stored therapy program) and transmit the selected

therapy program to processor 50, which may then control stimulation generator 54

to deliver therapy according to the selected therapy program.

[0093] The "selected" therapy program may include, for example, the stored

program selected from memory 52 based on the determined sleep stage, a stored

therapy program and instructions indicating modifications to be made to a stored

therapy program based on the determined sleep stage, a stored therapy program

that has already been modified, or indicators associated with any of the

aforementioned therapy programs (e.g., alphanumeric indicators associated with

the therapy program). In some examples, processor 50 may record information

relating to the sleep stage indication, e.g., the date and time of the particular patient

state, in memory 52 for later retrieval and analysis by a clinician.

[0094] Processor 50 controls telemetry module 56 to send and receive information.

Telemetry module 56 in IMD 16, as well as telemetry modules in other devices and



systems described herein, such as programmer 14, may accomplish communication

by RF communication techniques. In addition, telemetry module 56 may

communicate with external medical device programmer 14 via proximal inductive

interaction of IMD 16 with programmer 14. Accordingly, telemetry module 56

may send information to external programmer 14 on a continuous basis, at periodic

intervals, or upon request from IMD 16 or programmer 14.

[0095] Power source 58 delivers operating power to various components of IMD

16. Power source 58 may include a small rechargeable or non-rechargeable battery

and a power generation circuit to produce the operating power. Recharging may

be accomplished through proximal inductive interaction between an external

charger and an inductive charging coil within IMD 16. In some examples, power

requirements may be small enough to allow IMD 16 to utilize patient motion and

implement a kinetic energy-scavenging device to trickle charge a rechargeable

battery. In other examples, traditional batteries may be used for a limited period of

time.

[0096] FIG. 3 is a block diagram illustrating an example configuration of memory

52 of IMD 16. In the example of FIG. 3, memory 52 stores therapy programs table

60, sleep stage information 61, patient information 62, and diagnostic information

63. Therapy programs table 60 may store the therapy programs as a plurality of

records that are stored in a table or other data structure that associates therapy

programs with one or more sleep stages (e.g., Stage 1, Stage 2, Deep Sleep or

REM) and/or frequency characteristics (e.g., threshold values or templates). While

the remainder of the disclosure refers primarily to tables, the present disclosure

also applies to other types of data structures that store therapy programs and

associated physiological parameters.

[0097] In the case of electrical stimulation therapy, each of the programs in therapy

programs table 60 may includes respective values for a plurality of therapy

parameters, such as voltage or current amplitude, signal duration, frequency, and

electrode configuration. Processor 50 of IMD 16 may select one or more programs

from programs table 60 based on a sleep stage determined at least in part based on

a biosignal sensed within brain 13 of patient 12. The therapy programs stored in

the programs table 60 may be generated using programmer 14, e.g., during an



initial or follow-up programming session, and received by processor 50 from

programmer 14 via telemetry module 56. In other examples, programmer 14 may

store programs 60, and processor 50 of IMD 16 may receive selected programs

from programmer 14 via telemetry circuit 56.

[0098] Sleep stage information 6 1 may store information associating various sleep

stage indicators, e.g., biosignals and, in some cases, a physiological signal

indicative of a physiological parameter of patient 12 other than brain activity, with

the respective sleep stage. For example, sleep stage information 6 1 may store a

plurality of threshold values or templates, where each threshold value or template

may correspond to at least one type of sleep stage. The threshold values may be,

for example, threshold power levels within selected frequency bands that indicate a

particular sleep stage, or values that are generated based on ratios of power

between two or more frequency bands. The thresholds may be patient specific.

The template may be, for example, a waveform template or a pattern in power

levels of the biosignal within a selected frequency band over time. Sleep stage

detection module 59 may reference sleep stage information 6 1 to determine, based

on the threshold values or templates, whether a received biosignal is indicative of a

particular sleep stage.

[0099] As described in further detail below, the threshold values may be threshold

energy values for a particular patient sleep stage. If, for example, an energy level

of a biosignal within a specific frequency band (e.g., about 10 Hz to about 30 Hz)

is lower than the threshold value, sleep stage detection module 59 (or, more

generally, processor 50) may determine that the biosignal indicates patient 12 is in

the Stage 1 or Stage 2 sleep stages. As another example, if an energy level of a

electrical signal within a specific frequency band (e.g., about 10 Hz to about 30

Hz), is greater than the threshold value, sleep stage detection module 59 may

determine that the biosignal indicates patient 12 is in the Stage 1 or REM sleep

stages.

[0100] In some examples, sleep stage detection module 59 (or, more generally,

processor 50) may compare a frequency band component of a waveform template

to the frequency band component of a biosignal from within brain 13 to determine

whether the biosignal is indicative of a particular sleep stage. If, for example, an



energy level of the waveform template within a specific frequency band (e.g.,

about 10 Hz to about 40 Hz) is substantially equal to or within a particular range

(e.g., 1% to about 25%) of the energy level of the waveform template within the

same frequency band, sleep stage detection module 59 may determine that the

biosignal indicates patient 12 is in the sleep stage associated with the waveform

template, i.e., that the biosignal is indicative of the particular sleep stage.

[0101] Patient information portion 62 of memory 52 may store data relating to

patient 12, such as the patient's name and age, the type of IMD 16 or leads 20

implanted within patient 12, medication prescribed to patient 12, and the like.

Processor 50 of IMD 16 may also collect diagnostic information 63 and store

diagnostic information 63 within memory 52 for future retrieval by a clinician.

Diagnostic information 63 may, for example, include selected recordings of the

output of sensing module 55 or sleep stage indications generated by sleep stage

module 59. In some examples, diagnostic information 63 may include information

identifying the time at which the different sleep stages occurred. A clinician may

later retrieve the information from diagnostic information 63 and determine a

length of one or more of the patient's sleep stages based on this information.

[0102] Diagnostic information 63 may include other information or activities

indicated by patient 12 using programmer 14, such as changes in symptoms,

medication ingestion or other activities undertaken by patient 12. A clinician may

review diagnostic information 63 in a variety of forms, such as timing diagrams or

a graph resulting from statistical analysis of diagnostic information 63, e.g., a bar

graph. The clinician may, for example, download diagnostic information 63 from

IMD 16 via a programmer 14 or another computing device. Diagnostic

information 63 may also include calibration routines for electrodes 20 (FIG. 1) and

malfunction algorithms to identify stimulation dysfunctions.

[0103] FIG. 4 illustrates an example therapy programs table 60 that may be stored

within memory 52. Processor 50 may search table 60 to select a therapy program

based on whether patient 12 is determined to be awake or asleep, and if patient 12

is determined to be asleep, the current sleep stage of patient 12 detected by sleep

stage detection module 59. In particular, processor 50 may match a therapy

program to the determined patient state and/or sleep stage and control stimulation



generator 54 to deliver therapy according to the selected therapy program. The

selected therapy program may be predetermined to provide therapeutic benefits to

patient 12 when patient 12 is in the determined patient state and/or sleep stage

associated with the selected therapy program.

[0104] As shown in FIG. 4, table 60 includes a plurality of records. Each record

contains an indication of an awake state and various phases of the sleep state, i.e., a

sleep stage. In particular, table 60 includes a plurality of records for the Stage 1,

Stage 2, Deep Sleep, and REM sleep stages, as well as associated therapy

programs. The indication of the awake state and sleep stages may be stored as, for

example, a stored value, flag or other indication that is unique to the particular

sleep stage. Thus, although table 60 shown in FIG. 4 shows the awake and sleep

stages as "AWAKE," "STAGE 1," "STAGE 2," "DEEP SLEEP," or "REM,"

within memory 52, the therapy programs may be stored in another computer-

readable format.

[0105] In examples in which sleep stage detection module 59 determines a current

sleep stage of patient 12 based on an energy level within one or more frequency

bands or a ratio of energy levels within two or more frequency bands of a

monitored biosignal from brain 13 (FIG. 1), sleep stage indicators stored within

table 60 may be threshold energy values, rather than the "AWAKE," "STAGE 1,"

"STAGE 2," "DEEP SLEEP," or "REM" indicators. Processor 50 may analyze the

frequency component of the received biosignal and periodically compare the

energy level or ratio of energy levels in two or more frequency bands to a value in

table 60. Upon detecting a substantial match in the energy levels, processor 50

may select a therapy program that corresponds to the energy level. In some

examples, an energy level that substantially matches the value stored in table 60

may be within, for example, within about 25% or less (e.g., about 10% or less) of

the value stored in table 60. However, other sensitivity ranges for determining a

substantial match between an energy level of a detected biosignal sensed within

brain 13 and a value stored in table 60 are contemplated.

[0106] In examples in which sleep stage detection module 59 determines a current

sleep stage based on a pattern in energy within one or more frequency bands over

time, sleep stage indicators stored within table 60 may be stored waveform



templates, rather than the "AWAKE," "STAGE 1," "STAGE 2," "DEEP SLEEP,"

or "REM" indicators. Processor 50 may analyze the frequency component of the

received biosignal and periodically compare the energy levels in one or more

frequency bands of the biosignal to the respective frequency components of the

template waveform that is stored in table 60. Upon detecting a substantial match in

energy pattern, processor 50 may select a therapy program that corresponds to the

waveform template. An exact match between the energy pattern of the biosignal

and template may not be necessary in some examples in order to detect the sleep

stage associated with the template. In some examples, a biosignal that is

determined to substantially match the template stored in table 60 may comprise an

energy pattern that matches 75% or more of the energy pattern of the template

stored in table 60. However, other sensitivity ranges for determining a substantial

match between a template stored in table 60 and a detected biosignal are

contemplated.

[0107] In the example of therapy programs table 60 shown in FIG. 4, the therapy

parameter values of each therapy program are shown in table 60, and include

values for a voltage amplitude, a pulse width, a pulse frequency, and an electrode

configuration of an electrical stimulation signal. The amplitude is shown in volts,

the pulse width is shown in microseconds (µs), the pulse frequency is shown in

Hertz (Hz), and the electrode configuration determines the electrodes and polarity

used for delivery of stimulation according to the record. The amplitude of program

table 60 is the voltage amplitude, in Volts (V), but other examples of table 60 may

store a current amplitude. In the illustrated example, each record includes a set of

therapy parameter values, e.g., a therapy program, as therapy information. In other

examples, each record may include one or more individual parameter values, or

information characterizing an adjustment to one or more parameter values.

[0108] Different therapy programs may be more useful for providing effective

therapy to patient 12 during a particular sleep stage when compared to other

therapy programs. For example, different sets of electrodes may be activated to

target different tissue sites depending on the sleep stage. Stimulation of a

particular target tissue site within brain 13 may be more effective in managing

symptoms of a sleep condition of patient 12 than another target tissue site. Thus,



different electrode combinations may be selected to target different therapy

delivery sites.

[0109] Processor 50 of IMD 16 or another device may dynamically control therapy

delivery to patient 12 according to a determined sleep stage or a detection of the

awake state. As an example, a first therapy program may be selected based on

detection of a first sleep stage to help improve the performance of motor tasks by

patient 12 that may otherwise be difficult. These tasks may include at least one of

initiating movement or maintaining movement (e.g., to turn over in bed), which

may be important during some sleep stages, such as the sleep stage associated with

Stage 1 sleep. If patient 12 has a movement disorder, immobility or difficulty

moving may cause patient 12 to wake up or have difficulty falling asleep.

[0110] As another example, a second therapy program may be selected based on

detection of a second sleep stage to help limit movement of patient 12. As

previously discussed, in some patients with movement disorders, the patient may

become more physically active during the REM sleep stage, which may be

disruptive, and, in some cases, dangerous to the patient's sleep or to others around

patient 12. Accordingly, upon detecting the second sleep stage associated with the

REM sleep stage, processor 50 may select a therapy program that helps minimize

the patient's movement. In some examples, processor 50 of IMD 16 may select

more than one therapy program to address a detected sleep stage. The stimulation

therapy according to the multiple selected programs may be delivered

simultaneously or on a time-interleaved basis, either in an overlapping or non-

overlapping manner.

[0111] In other examples, rather than storing a plurality of parameter values for

each therapy program, table 60 may store modifications to the values of different

therapy parameters from a baseline or another stored therapy program. For

example, if IMD 16 delivers stimulation to patient 12 at an amplitude of about 2 V,

a pulse width of about 200 µs, a frequency of about 10 Hz, table 60 may indicate

that upon detecting a Stage 1 sleep stage, processor 50 should control stimulation

generator 54 to deliver therapy with a frequency of about 130 Hz, but maintain the

values of the other stimulation parameters. The modification may be achieved by



switching between stored programs or by adjusting a therapy parameter for an

existing, stored program.

[0112] The modifications to parameter values may be stored in absolute or

percentage adjustments for one or more therapy parameters or a complete therapy

program. For example, in table 60 shown in FIG. 4, rather than providing an

absolute amplitude value, "2.0V" in Record 1, the therapy programs table may

indicate "+0.5 V" to indicate that if the Stage 1 sleep stage is detected, the

amplitude of a baseline therapy program should be increased by 0.5 V or "-0.25 V"

to indicate that if the REM sleep stage is detected, the amplitude should be

decreased by 0.25 V. Instructions for modifying the other therapy parameters,

such as pulse width, frequency, and electrode configuration, may also be stored in

a table or another data structure that is stored within memory 52 of IMD 16 or

another device, such as programmer 14.

[0113] In some examples, therapy delivery to patient 12 is stopped or reduced to a

minimal intensity during one or more of the sleep stages, such as the Stage 2 and

Deep Sleep stages. Intensity of stimulation may be a function of, for example, any

one or more of the voltage or current amplitude value of the stimulation signal,

frequency of stimulation signals, signal duration (e.g., pulse width in the case of

stimulation pulses), signal burst pattern, and the like. The intensity of stimulation

may, for example, affect the volume of tissue that is activated by the electrical

stimulation. During the sleep stages in which therapy delivery is stopped or

reduced in intensity, patient 12 may not consciously move as much as in other

sleep stages and may not experience involuntary movements or at least experience

minimal involuntary movements. Accordingly, therapy delivery during these sleep

stages may not provide any added benefit if patient 12 has a movement disorder.

[0114] Deactivating therapy or decreasing the intensity of stimulation during these

one or more sleep stages may help conserve power source 58 of IMD 16, which

may help extend the useful life of IMD 16. Dynamically controlling therapy

delivery to patient 12 based on a sleep stage may also help prevent patient 12 from

adapting to therapy delivery by IMD 16. It has also been found that patient 12 may

adapt to DBS provided by IMD 16 over time. That is, a certain level of electrical

stimulation provided to brain 13 may be less effective over time. This



phenomenon may be referred to as "adaptation." As a result, any beneficial effects

to patient 12 from the DBS may decrease over time. While the electrical

stimulation levels (e.g., amplitude of the electrical stimulation signal) may be

increased to overcome such adaptation, the increase in stimulation levels may

consume more power, and may eventually reach undesirable or harmful levels of

stimulation. Delivering therapy to patient 12 according to different therapy

programs during different sleep stages or even deactivating therapy delivery during

some sleep stages may help decrease the rate at which patient 12 adapts to the

therapy.

[0115] In therapy programs table 60 shown in FIG. 4, the therapy parameter values

associated with the Stage 2 sleep stage indicate a relatively minimal stimulation

intensity, while the therapy parameter values associated with the Deep Sleep stage

indicate therapy is deactivated. The therapy parameter values shown in FIG. 4 are

merely examples and are not intended to be representative of suitable therapy

parameter values for each sleep stage. Suitable therapy parameter values for the

different sleep stages may differ between patients 12, and, therefore, may trialing

of different therapy programs prior to implementation of DBS system 10 on a

chronic basis.

[0116] Although therapy programs table 60 is described with reference to memory

52 of IMD 16, in other examples, programmer 14 or another device may store

different therapy programs and indications of the associated movement, sleep or

patient state. The therapy programs and respective patient states may be stored in a

tabular form, as with therapy programs table 60 in FIG. 4, or in another data

structure.

[0117] FIG. 5 is a conceptual block diagram of an example external medical device

programmer 14, which includes processor 70, memory 72, telemetry module 74,

user interface 76, and power source 78. Processor 70 controls user interface 76

and telemetry module 74, and stores and retrieves information and instructions to

and from memory 72. Programmer 14 may be configured for use as a clinician

programmer or a patient programmer. Processor 70 may comprise any

combination of one or more processors including one or more microprocessors,

DSPs, ASICs, FPGAs, or other equivalent integrated or discrete logic circuitry.



Accordingly, processor 70 may include any suitable structure, whether in

hardware, software, firmware, or any combination thereof, to perform the functions

ascribed herein to processor 70.

[0118] Processor 70 monitors activity from the input controls and controls the

display of user interface 76. The user, such as a clinician or patient 12, may

interact with programmer 14 through user interface 76. User interface 76 includes

a display (not shown), such as an LCD or other type of screen, to show information

related to the therapy and input controls (not shown) to provide input to

programmer 14. Input controls may include buttons, a keypad (e.g., an

alphanumeric keypad), a peripheral pointing device or another input mechanism

that allows the user to navigate though the user interface of programmer 14 and

provide input. If programmer 14 includes buttons and a keypad, the buttons may

be dedicated to performing a certain function, i.e., a power button, or the buttons

and the keypad may be soft keys that change in function depending upon the

section of the user interface currently viewed by the user. Alternatively, the screen

(not shown) of programmer 14 may be a touch screen that allows the user to

provide input directly to the user interface shown on the display. The user may use

a stylus or their finger to provide input to the display. In other examples, user

interface 76 also includes audio circuitry for providing audible instructions or

sounds to patient 12 and/or receiving voice commands from patient 12, which may

be useful if patient 12 has limited motor functions.

[0119] In some examples, at least some of the control of therapy delivery by IMD

16 may be implemented by processor 70 of programmer 14. For example, in some

examples, processor 70 may receive a biosignal from IMD 16 or from a sensing

module that is separate from IMD 16, where the biosignal is sensed within brain 13

by IMD 16 or the sensing module that is separate from IMD 16. The separate

sensing module may, but need not be, implanted within patient 12. In some

examples, processor 70 may determine the current sleep stage of patient 12 based

on the detected biosignal and may transmit a signal to IMD 16 via telemetry

module 74, to indicate the determined sleep stage. For example, processor 70 may

include a sleep stage detection module similar to sleep stage detection module 59

(FIG. 2) of IMD 16. Processor 50 of IMD 16 may receive the signal from



programmer 14 via its respective telemetry module 56 (FIG. 3). Processor 50 of

IMD 16 may select a stored therapy program from memory 52 based on the current

sleep stage. Alternatively, processor 70 of programmer 14 may select a therapy

program and transmit a signal to IMD 16, where the signal indicates the therapy

parameter values to be implemented by IMD 16 during therapy delivery to help

improve the patient's sleep quality, or may provide an indication of the selected

therapy program that is stored within memory 52 of IMD 16. The indication may

be, for example, an alphanumeric identifier or symbol that is associated with the

therapy program in memory 52 of IMD 16.

[0120] Patient 12, a clinician or another user may also interact with programmer

14 to manually select therapy programs, generate new therapy programs, modify

therapy programs through individual or global adjustments, and transmit the new

programs to IMD 16. In a learning mode, programmer 14 may allow patient 12

and/or the clinician to determine which therapy programs are best suited for one or

more specific sleep stages and for the awake patient state.

[0121] Memory 72 may include instructions for operating user interface 76,

telemetry module 74 and managing power source 78. Memory 72 may also store

any therapy data retrieved from IMD 16 during the course of therapy. The

clinician may use this therapy data to determine the progression of the patient

condition in order to predict future treatment. Memory 72 may include any

volatile or nonvolatile memory, such as RAM, ROM, EEPROM or flash memory.

Memory 72 may also include a removable memory portion that may be used to

provide memory updates or increases in memory capacities. A removable memory

may also allow sensitive patient data to be removed before programmer 14 is used

by a different patient.

[0122] Wireless telemetry in programmer 14 may be accomplished by RF

communication or proximal inductive interaction of external programmer 14 with

IMD 16. This wireless communication is possible through the use of telemetry

module 74. Accordingly, telemetry module 74 may be similar to the telemetry

module contained within IMD 16. In alternative examples, programmer 14 may be

capable of infrared communication or direct communication through a wired

connection. In this manner, other external devices may be capable of



communicating with programmer 14 without needing to establish a secure wireless

connection.

[0123] Power source 78 delivers operating power to the components of

programmer 14. Power source 78 may include a battery and a power generation

circuit to produce the operating power. In some examples, the battery may be

rechargeable to allow extended operation. Recharging may be accomplished

electrically coupling power source 78 to a cradle or plug that is connected to an

alternating current (AC) outlet. In addition, recharging may be accomplished

through proximal inductive interaction between an external charger and an

inductive charging coil within programmer 14. In other examples, traditional

batteries (e.g., nickel cadmium or lithium ion batteries) may be used. In addition,

programmer 14 may be directly coupled to an alternating current outlet to operate.

Power source 78 may include circuitry to monitor power remaining within a

battery. In this manner, user interface 76 may provide a current battery level

indicator or low battery level indicator when the battery needs to be replaced or

recharged. In some cases, power source 78 may be capable of estimating the

remaining time of operation using the current battery.

[0124] In some examples, processor 70 of programmer 14 or processor 50 of IMD

16 may monitor another physiological parameter of patient 12 in addition to the

bioelectrical brain signal to confirm that patient 12 is in a sleep state or in a

determined sleep stage. Examples of physiological parameters that may indicate a

sleep state or sleep stage include, for example, activity level, posture, heart rate,

respiration rate, respiratory volume, blood pressure, blood oxygen saturation,

partial pressure of oxygen within blood, partial pressure of oxygen within

cerebrospinal fluid, muscular activity, core temperature, arterial blood flow, and

galvanic skin response.

[0125] In some examples, processor 50 of IMD 16 or another device may confirm

that patient 12 is asleep based on a physiological parameter of patient 12 other than

bioelectrical brain signals or the biosignal (i.e., the bioelectrical brain signal) prior

to initiating therapy delivery to patient 12 to help improve the patient's sleep

quality. In one example, processor 50 of IMD 16 may determine values of one or

more sleep metrics that indicate a probability of a patient being asleep based on the



current value of one or more physiological parameters of the patient, as described

in commonly-assigned U.S. Patent Application Serial No. 10/825,964 to Heruth et

al, which is entitled, "DETECTING SLEEP" and was filed on April 15, 2004.

[0126] As described in U.S. Patent Application Serial No. 10/825,964 to Heruth et

al., a sensor that is incorporated with IMD 16 or a separate sensor may generate a

signal as a function of at least one physiological parameter of a patient that may

discernibly change when the patient is asleep. Examples of physiological

parameters that may indicate a sleep stage include, for example, activity level,

posture, heart rate, respiration rate, respiratory volume, blood pressure, blood

oxygen saturation, partial pressure of oxygen within blood, partial pressure of

oxygen within cerebrospinal fluid, muscular activity, core temperature, arterial

blood flow, and galvanic skin response. In some examples, processor 50 of IMD

16 may determine a value of a sleep metric that indicates a probability of the

patient being asleep based on a physiological parameter. In particular, processor

50 may apply a function or look-up table to the current value and/or variability of

the physiological parameter to determine the sleep metric value. Processor 50 may

compare the sleep metric value to a threshold value to determine whether the

patient is asleep. In some examples, the probability may be more than just an

indication of "sleep state" or "awake state" but may include an indication of the

chance, e.g., between 1% to about 100%, that patient 12 is in a sleep state.

[0127] FIG. 6 is a flow diagram illustrating an example technique for controlling

therapy delivery by IMD 16 based on a determination of a sleep stage of patient

12. While FIG. 6, as well as other figures, such as FIGS. 7-18, 20, and 21, are

described with reference to processor 50 of IMD 16, in other examples, a processor

of another device, such as processor 70 of programmer 14 or a processor of a sleep

stage detection module that is separate from IMD 16, may control therapy delivery

by IMD 16 in accordance with the techniques described herein.

[0128] Processor 50 may determine whether patient 12 is in a sleep state (80) using

any suitable technique. For example, patient 12 may provide input to programmer

14 via user interface 76 (FIG. 5) indicating patient 12 is commencing a sleep state

(e.g., attempting to sleep). Patient 12 may also provide volitional cues indicating a

beginning of a sleep state by providing input via a motion sensor, which then



transmits a signal to processor 50. For example, patient 12 may tap a motion

sensor in a different pattern to indicate patient 12 is in a sleep state. Examples of

motion sensors are described below with reference to FIG. 21.

[0129] As other examples, processor 50 may determine patient 12 is in a sleep

state by detecting a brain signal within brain 13 that is associated with a volitional

patient input, where the brain signal is unrelated to the patient's symptoms or

incidentally generated as a result of the patient's condition. Examples of volitional

patient inputs are described in commonly-assigned U.S. Patent Application Serial

No. 11/974,931, entitled, "PATIENT DIRECTED THERAPY CONTROL" and

filed on October 16, 2007.

[0130] In another example, processor 50 may detect the sleep state based on values

of one or more physiological parameters. For example, processor 50 may detect

when patient 12 is in sitting or lying down based on a motion sensor or an

accelerometer that indicates patient posture and determine patient 12 is in a sleep

state upon detecting a relatively low activity level. In another example, processor

50 may detect the sleep state based on values of one or more sleep metrics that

indicate a probability of patient 12 being asleep, such as using the techniques

described in U.S. Patent Application Serial No. 10/825,964 to Heruth et al. or

commonly-assigned U.S. Patent Application Serial No. 10/825,955 to Heruth et al.,

entitled, "COLLECTING ACTIVITY AND SLEEP QUALITY INFORMATION

VIA A MEDICAL DEVICE," which was filed on April 15, 2004. The sleep

metrics may be based on physiological parameters of patient 12, such as activity

level, posture, heart rate, respiration rate, respiratory volume, blood pressure, blood

oxygen saturation, partial pressure of oxygen within blood, partial pressure of

oxygen within cerebrospinal fluid, muscular activity, core temperature, arterial

blood flow, and galvanic skin response.

[0131] As described in U.S. Patent Application Serial No. 10/825,964, processor

50 may apply a function or look-up table to the current value and/or variability of

the physiological parameter to determine the sleep metric value and compare the

sleep metric value to a threshold value to determine whether patient 12 is asleep.

In some examples, as described with reference to FIG. 20, processor 50 may

compare the sleep metric value to each of a plurality of thresholds to determine the



current sleep stage of patient 12, which may then be used to control therapy

delivery in addition to the sleep stage determination based on the frequency band

characteristic of the biosignal monitored within brain 13.

[0132] In addition to or instead of detecting a sleep state based on patient input or

a physiological parameter of patient 12, processor 50 may detect the sleep state

(80) based on a time schedule, which may be stored in memory 52 of IMD 16. The

schedule may be selected by a clinician or IMD 16 may learn the schedule based

on past patient inputs or other determinations. The schedule may set forth the

times of a day in which patient 12 is typically in an awake state (e.g., not in a sleep

state) and/or in a sleep state. For example, the schedule may be generated based on

a circadian rhythm that is specific to patient 12. Processor 50 may track the time

of day with a clock, which may be included as part of processor 50 or as a separate

component within IMD 16. In some examples, processor 50 may automatically

implement a clock based on a circadian rhythm of a typical patient, i.e., a generic

circadian rhythm, rather than a circadian rhythm that is specific to patient 12.

[0133] In examples in which processor 50 detects a sleep state (80) based on a

predetermined schedule, processor 50 may detect a sleep state at a first time (e.g.,

10:00 p.m.) each night based on the schedule (or another time each night).

Processor 50 may determine that the sleep state begins at the first time, at which

time processor 50 may begin determining the patient sleep stage, as shown in FIG.

6, and ends at a second time (e.g., 8 a.m.), at which time processor 50 may revert

to a different therapy control system or control stimulation generator 54 (FIG. 2) to

deliver therapy to patient 12 according to a different therapy program (e.g., a

therapy program that provides efficacious therapy to patient 12 in the awake state).

The therapy control system that provides therapy when patient 12 is awake may,

for example, provide substantially continuous therapy to patient 12 or provide

therapy to patient 12 upon the detection of movement or an intent to move. Other

techniques for detecting a sleep state are contemplated.

[0134] After detecting patient 12 is in a sleep state (80), processor 50 may receive

biosignal (82), e.g., from sensing module 55 (FIG. 2) or a separate sensing module

that senses the biosignal within brain 13 of patient 12. Sleep stage detection

module 59, or, more generally, processor 50, may determine a frequency



characteristic of the biosignal (84). In some examples, processor 50 may receive

the biosignal prior to determining the sleep state, thus, the technique shown in FIG.

6 is not limited to receiving the biosignal after detecting the sleep state (80). In

some examples, processor 50 may continuously receive the biosignal (82) from

sensing module 55 (FIG. 2) or at periodic intervals, which may be set by a

clinician. For example, processor 50 may periodically interrogate sensing module

55 to receive the biosignal (82). As another example, sensing module 55 may

periodically transmit the biosignal to processor 50, such as at a frequency of about

0.1 Hz to about 100 Hz.

[0135] Sleep stage detection module 59 may determine a frequency characteristic

of the biosignal (84) using any suitable technique. The frequency characteristic

may include, for example, at least one of a power level (or energy) within one or

more frequency bands of the biosignal, a ratio of the power level in two or more

frequency bands, a correlation in change of power between two or more frequency

bands, or a pattern in the power level of one or more frequency bands over time.

In one example, sleep stage detection module 59 may comprise an amplifier that

amplifies a received biosignal and a bandpass or a low pass filter that filters the

monitored biosignal to extract one or more selected frequency bands of the

biosignal. The extracted frequency bands may be selected based on the frequency

band that is revealing of the one or more sleep stages that are being detected.

Sleep stage detection module 59 may then determine the frequency characteristic

based on the extracted frequency band component of the biosignal.

[0136] Different frequency bands are associated with different activity in brain 13.

It is believed that some frequency band components of a biosignal from within

brain 13 may be more revealing of particular sleep stages than other frequency

components. One example of the frequency bands is shown in Table 1:

Table 1: Frequency bands



[0137] The frequency ranges for the frequency bands shown in Table 1 are merely

examples. The frequency ranges may differ in other examples. For example,

another example of frequency ranges for frequency bands are shown in Table 2 :

Table 2 : Frequency bands

[0138] Processor 50 may select a frequency band for determining the patient sleep

stage using any suitable technique. In one example, the clinician may select the

frequency band based on information specific to patient 12 or based on data

gathered from more than one patient 12. The frequency bands that are useful for

distinguishing between two or more different patient sleep stages or otherwise

determining a patient sleep stage based on a biosignal from brain 13 may differ

between patients. In some examples, a clinician may calibrate the frequency

ranges to a specific patient based on, for example, a sleep study. During the sleep

study, the clinician may monitor a biosignal and determine which, if any,

frequency bands or ratio of frequency bands exhibit a characteristic that helps to

detect a sleep stage and/or distinguish between different sleep stages.

[0139] Sleep stage detection module 59 may determine a sleep stage based on the

frequency characteristic of the biosignal (86). In some techniques, as shown in

FIGS. 7 and 12, sleep stage detection module 59 may compare the frequency

characteristic to one or more threshold values in order to determine the sleep stage

or a sleep stage group that includes more than one sleep stage and is associated

with a common therapy program. In other examples, as shown in FIG. 14, sleep

stage detection module 59 may compare a trend in the power level within a



frequency band of the biosignal over time to a template in order to determine the

sleep stage.

[0140] After determining a sleep stage of patient 12 (86), processor 50 may control

therapy delivery based on the determined sleep stage (88). For example, processor

50 may control stimulation generator 54 (FIG. 2) based on the determined sleep

stage. In some examples, processor 50 may control therapy delivery by selecting a

therapy program based on the determined sleep stage, e.g., using the therapy

programs table 60 stored in memory 52 (FIGS. 3 and 4). In other examples,

processor 50 may control therapy delivery by modifying a therapy program stored

in memory 52 of IMD 16 (FIG. 2) based on the determined sleep stage. In

addition, in some cases, processor 50 may deactivate therapy delivery, e.g., by

stopping stimulation generator 54 from delivering stimulation signals to patient 12,

in response to detecting a particular sleep stage. As described, for example, patient

12 that has a movement disorder may need minimal to no electrical stimulation

therapy during some sleep stages (e.g., Stage 2 and Deep Sleep) of the sleep state.

[0141] Processor 50 may also determine whether the sleep state has ended (90) in

order to, for example, revert to a different therapy program or revert to a different

technique for controlling therapy delivery by IMD 16 when patient 12 is awake. In

some examples, processor 50 may use techniques similar to those described above

with respect to detecting the sleep state in order to determine whether the sleep

state has ended. For example, a patient 12 may provide input to programmer 14

indicating the present patient state is an awake state and processor 70 of

programmer 14 may transmit a signal to processor 50 to indicate that the sleep

state has ended, e.g., because the awake state is the current patient state. In other

examples, processor 50 may determine patient 12 is in an awake state or otherwise

not in a sleep state based on the monitored biosignal and/or monitored

physiological parameter values, such as a patient posture or activity level, as well

as the other physiological parameters described above.

[0142] If the sleep state has ended (90), processor 50 may stop detecting the

patient sleep stage until the sleep state is detected again (80). If the sleep state has

not ended (90), processor 50 may continue monitoring the biosignal from brain 13



(82) and continue determining a sleep stage based on a frequency characteristic of

the biosignal (84, 86) in order to control therapy (88).

[0143] FIG. 7 is a flow diagram illustrating another technique for controlling

therapy delivery to patient 12 based on a determined sleep stage of patient 12. In

accordance with the technique shown in FIG. 7, sleep stage detection module 59

may receive a biosignal (82) and compare a power level within a selected

frequency band of the biosignal to a threshold value (92). The threshold value may

be stored within memory 52 of IMD 16 or a memory of another device, such as

programmer 14. The threshold value may indicate, for example, a power level that

indicates patient 12 is in a particular sleep stage. Sleep stage detection module 59

may determine whether the power level within the frequency band is greater than

or equal to the threshold value (94) in order to determine whether patient 12 is in a

particular sleep stage. In other examples (not shown in FIG. 4), sleep stage

detection module 59 may determine whether the power level within the frequency

band is less than or equal to the threshold value in order to determine whether

patient 12 is in a particular sleep stage. The exact relationship between the power

level of within the selected frequency band of the biosignal and the threshold value

that indicates patient 12 is in a particular sleep stage may depend on the particular

patient and the particular frequency band that is analyzed, among other factors.

[0144] In some examples, sleep stage detection module 59 may only be interested

in detecting one sleep stage, and, accordingly, sleep stage detection module 59 may

only compare power level within the frequency band of the biosignal to one

threshold value. In other examples, sleep stage detection module 59 may detect

two or more sleep stages, where each sleep stage may be associated with a

different threshold value. Accordingly, in order to determine which sleep stage

patient 12 is in, sleep stage detection module 59 may compare the power level

within the frequency band of the biosignal to multiple threshold values. For

example, sleep stage detection module 59 may first compare the power level within

the selected frequency band of the biosignal to a first threshold value, which may

correspond to a first sleep stage (e.g., Stage 1), followed by a comparison to a

second threshold value, which may correspond to a second sleep stage that is

different than the first sleep stage (e.g., Stage 2), and so forth for each relevant



sleep stage. Sleep stage detection module 59 may cycle through the comparisons

of the level within the frequency band of the biosignal at periodic intervals, such as

at a frequency of about 0.1 Hz to about 100 Hz.

[0145] In other examples, sleep stage detection module 59 may detect two or more

sleep stages, where at least two of the sleep stages are associated with a common

threshold value. In accordance with one example, sleep stage detection module 59

may compare the power level within the selected frequency band of the biosignal

to a threshold value and determine the sleep stage based on the comparison to the

threshold and a clock. The clock may track the time that has passed since a

previous sleep stage was detected. As previously discussed, each sleep stage has a

typical duration, which may be used as a guide to determine which sleep stage is

detected. Accordingly, if the power level of the biosignal within the selected

frequency band is greater than or equal to (or, in some cases, less than or equal to)

the threshold value, sleep stage detection module 59 may determine which sleep

stage patient 12 is in based on the approximate time that has passed since the

previous sleep stage was detected. If, for example, a first sleep stage that has a

maximum duration of about 20 minutes is detected, and sleep stage detection

module 59 subsequently determines that the power level of the biosignal within the

selected frequency band is greater than or equal to a threshold value that is

common to the first and second sleep stages, which occur sequentially, sleep stage

detection module 59 may determine whether 20 minutes have passed since the first

sleep stage was detected. If so, sleep stage detection module 59 may determine

that patient 12 is in the second sleep stage of the sleep state. If the maximum

duration of the first sleep stage has not passed sleep stage detection module 59 may

determine that patient 12 is still in the first sleep stage.

[0146] In other examples, sleep stage detection module 59 may detect two or more

sleep stages, where at least two of the sleep stages are associated with a common

threshold value and a common therapy program. The two or more sleep stages

may define a sleep stage group. Processor 50 may deliver therapy to patient 12

according to the same therapy program if patient 12 is in either of the two or more

sleep stages. Accordingly, in some cases, processor 50 may not determine the

specific sleep stage patient 12 is in, but may merely determine whether patient 12



is in the sleep stage group. After determining patient 12 is in the sleep stage group,

processor 50 may control therapy delivery according to the therapy program

associated with the sleep stage group.

[0147] If sleep stage detection module 59 determines that the power level within

the selected frequency band is greater than or equal to the threshold value (94),

sleep stage detection module 59 may determine that patient 12 is in the sleep stage

associated with the threshold value (96). The threshold values may be associated

with sleep stages in a look-up table or another data structure that is stored within

memory 52. In some cases, as described above, sleep stage detection module 59

may merely determine that the biosignal indicates patient 12 is in a sleep stage

group, and may not determine the specific sleep stage of patient 12. However,

determination of a sleep stage group may generally be included within a sleep

stage determination, as used herein. Processor 50 may control stimulation

generator 54 or otherwise control therapy delivery to patient 12 based on the

determined sleep stage (88). The determined sleep stage may be a specific sleep

stage of patient 12 or may merely be one of a plurality of sleep stages that are

associated with a common therapy program.

[0148] In some examples, different sleep stages may be distinguished from each

other in different frequency bands. For example, a first frequency band may be

more revealing of the difference between a first sleep stage and a second sleep

stage, but may not be revealing of the difference between the second sleep stage

and a third sleep stage. That is, in the first frequency band, the first and second

sleep stages may be associated with different power levels, whereas the second and

third sleep stages may be associated with the same power level. Accordingly, to

distinguish between the second and third sleep stages, sleep stage detection module

59 may also analyze the biosignal in a second frequency band that is different than

the first frequency band. In the second frequency band, the second and third sleep

stages may have different power levels.

[0149] In these cases, in order to determine the sleep stage based on a biosignal,

sleep stage detection module 59 may compare two or more frequency

characteristics to respective threshold values. The two or more frequency

characteristics may be, for example, power levels within respective frequency



bands. The first frequency band and the first threshold value may be used to

determine whether patient 12 is in the first sleep stage. If patient 12 is not in the

first sleep stage, sleep stage detection module 59 may compare the second

frequency characteristic in the second frequency band to the second threshold in

order to determine whether patient 12 is in the second or third sleep stages. Sleep

stage detection module 59 may compare the two or more frequency characteristics

to respective thresholds substantially in parallel or sequentially.

[0150] FIG. 8 illustrates an example table that associates different patient states

and sleep stages with threshold values and therapy programs. As previously

indicated, in some cases, memory 52 may store data that associates two or more

sleep stages with a common threshold value and a common therapy program,

thereby defining a sleep stage group. The sleep stage group may represent a group

of sleep stages for which therapy delivery according to the same therapy program

provide efficacious therapy for sleep disorder symptoms associated with the sleep

stages in the group. In FIG. 8, a patient awake state and two sleep stages (STAGE

1, and REM) are grouped together and associated with a first therapy program

(PROGRAM A), and two sleep stages (STAGE 2 and DEEP SLEEP) are grouped

together and associated with a second therapy program (PROGRAM B). Upon

detecting a biosignal that has a power level within a selected frequency band that is

greater than the threshold value, THRESHOLD A, processor 50 may control

stimulation generator 54 to deliver therapy to patient 12 according to the parameter

values defined by PROGRAM A. By selecting PROGRAM A based on the

comparison of the power level of the biosignal within a selected frequency band,

processor 50 may determine patient 12 is in at least one of the AWAKE state or the

STAGE 1 or REM sleep stages.

[0151] On the other hand, upon detecting a biosignal that has a power level within

a selected frequency band that is less than the threshold value, THRESHOLD A,

processor 50 may control stimulation generator 54 to deliver therapy to patient 12

according to the parameter values defined by PROGRAM B. By selecting

PROGRAM B based on the comparison of the power level of the biosignal within

a selected frequency band, processor 50 may determine patient 12 is in at least one

of the STAGE 2 or DEEP SLEEP stages.



[0152] In the example shown in FIG. 8, processor 50 may deliver therapy to

patient 12 according to the same therapy program, regardless of whether patient 12

is an awake state (i.e., not in a sleep state) or in the Stage 1 or REM sleep stages.

Accordingly, in some examples, in the technique shown in FIG. 7, processor 50

may not determine whether patient 12 is in a sleep state (80, FIG. 7) prior to

receiving a biosignal and determining a frequency characteristic of a biosignal to

determine a sleep stage of patient 12 to control therapy delivery. Further, in the

technique shown in FIG. 7, in some examples, processor 50 may not detect the end

of a sleep state (90, FIG. 7), but instead, may continually monitor the biosignal to

determine whether what sleep stage patient 12 is in or whether patient 12 is in the

awake state based on the frequency characteristic of the biosignal.

[0153] Activity within a beta band of the biosignal generated within brain tissue of

patient 12 may be revealing of different sleep stages of patient 12. In particular,

power levels within the beta band of the biosignal may be useful for determining a

sleep stage of patient 12. As shown in FIG. 8, when patient is in an awake state, in

Stage 1 or the REM sleep stage, the power level within the beta band of the

biosignal may exceed a threshold (THRESHOLD A in FIG. 8). Thus, the beta

band activity of the biosignal may be useful for distinguishing between the awake

state of patient 12 and the Stage 2 and Deep Sleep stages of the sleep state, as well

as between the Stage 1 and REM sleep stages and the Stage 2 and Deep Sleep

stages. In some examples, the beta frequency band may include a frequency in a

range of about 10 Hz to about 30 Hz, although other frequency ranges are

contemplated. Furthermore, in some examples, the power levels that are compared

to a threshold value may be within a subset of the beta frequency band, such as a

frequency in a range of about 20 Hz to about 30 Hz. A "subset" may be, for

example, a smaller range of frequencies within the particular frequency band.

[0154] As shown in FIG. 9, memory 52 of IMD 16 or a memory of another device

may store data that associates different sleep stages with a threshold power level

value in the alpha band frequency range, e.g., within therapy programs table 60

(FIG. 4). The alpha band may include, for example, a frequency in a range of

about 8 Hz to about 14 Hz, although other frequency ranges are contemplated. For

example, in other examples, the alpha band may include a frequency in a range of



about 8 Hz to about 12 Hz or about 13 Hz. Further, in some examples, the power

levels that are compared to a threshold value may be within a subset of the alpha

frequency band, such as a frequency in a range of about 8 Hz to about 10 Hz.

[0155] As FIG. 9 illustrates, in some cases, the alpha band component of a

biosignal useful for distinguishing between the awake state of patient 12 and the

sleep state (e.g., Stage 1, Stage 2, Deep Sleep, and REM sleep stages). Upon

detecting a biosignal that has a power level within the alpha band that is greater

than the threshold value, THRESHOLD B, processor 50 may determine patient 12

is in a sleep state. The alpha band component of the biosignal may not be as useful

for distinguishing between the different sleep stages as the beta band component.

It may be useful to determine different threshold power values for two or more of

the sleep stages in order to determine the sleep stage patient 12 is in based on the

alpha band frequency component of the biosignal.

[0156] FIGS. 10A-10E are conceptual spectral power graphs, which illustrate the

distribution of power (measured in microvolt (µV) squared) of a biosignal of a

human subject during the awake state and various sleep stages. In the examples

shown in FIGS. 10A- 1OE, the biosignal is a local field potential measured in the

subthalamic nucleus of a human subject diagnosed with Parkinson's disease.

[0157] FIG. 1OA is a spectral power graph of the biosignal during an awake state

of the subject, i.e., when the subject was not asleep or attempting to sleep. FIG.

1OB is a spectral power graph of the biosignal during Stage 1 of the sleep state.

FIG. 1OC is a spectral power graph of the biosignal during Stage 2 of the sleep

state. FIG. 1OD is a spectral power graph of the biosignal during a Deep Sleep

stage of the sleep state. FIG. 1OE is a spectral power graph of the biosignal during

the REM stage of the sleep state.

[0158] As indicated by circle 100 in FIG. 1OA, circle 102 in FIG. 1OB, and circle

104 in FIG. 1OE, spectral analysis of a biosignal of the Parkinson's subject

indicates that oscillations in a frequency range of about 16 Hz to about 30 Hz

during the awake stage, Stage 1, and REM sleep stages are relatively high,

compared to the Stage 2 and Deep Sleep stages. That is, in the examples shown in

FIGS. 10A- 1OE, the power level of the biosignal in a frequency band range of

about 16 Hz to about 30 Hz was higher (as measured in microvolt (µV) squared)



during the awake state (FIG. 10A), and Stage 1 (FIG. 10B) and REM sleep stages

(FIG. 10E) compared to the Stage 2 (FIG. 10C) and Deep Sleep (FIG. 10D) sleep

stages. Accordingly, it is believed that monitoring the beta band activity of a

biosignal of a patient may be a useful for controlling therapy delivery during the

awake stage, Stage 1, and REM sleep stages of a patient.

[0159] In some cases, the frequency range of about 16 Hz to about 30 Hz may be a

part of the beta frequency band, although the frequency band designations may

differ depending upon the standards used to categorize the frequency bands by

different names.

[0160] As described above with respect to FIG. 7, processor 50 of IMD 16 may

compare the power level within a beta band of a monitored biosignal to a threshold

value, and if the power level exceeds the threshold value, processor 50 may control

stimulation generator 54 (FIG. 2) to generate and deliver electrical stimulation

signals to patient 12. Thus, processor 50 may control IMD 16 to deliver therapy to

patient 12 when patient 12 is awake or in the sleep stage group comprising the

Stage 1 or REM sleep stages by monitoring a power level within a beta band of a

monitored biosignal. A frequency characteristic of a biosignal from within brain

13 of patient 12 that indicates activity within the about 16 Hz to about 30 Hz

frequency range of the biosignal may be useful for delivering therapy during the

awake state or Stage 1 and REM sleep stages according to a first therapy program,

and deactivating or minimizing the intensity of therapy delivering during the Stage

2 or Deep Sleep stages of the sleep state.

[0161] FIG. 11 is a graph illustrating a change in a power level of a biosignal

within the beta frequency band in a range of about 16 Hz to about 30 Hz over time.

The biosignal used to generate the data shown in the graph of FIG. 11 may be a

local field potential measured in the subthalamic nucleus of a human subject

diagnosed with Parkinson's disease. As FIG. 11 illustrates, the energy (or power

level) of the biosignal within the beta band is relatively high while patient is

awake, as indicated by section 106 of the graph, and begins decreasing during

Stage 1 of the sleep state, as indicated within section 108 of the graph. During

Stage 2 and the Deep Sleep stages of the sleep state of the subject, the energy of

the biosignal within the beta band is relatively low, as indicated by section 110 of



the graph, and increases relatively quickly when patient 12 enters the REM sleep

stage, as indicated by section 112 of the graph.

[0162] In examples in which processor 50 controls therapy delivery to patient 12

according to a different therapy program during the Stage 2 and Deep Sleep stages

compared to the awake state and the Stage 1 and REM sleep stages, processor 50

may control stimulation generator 54 to switch therapy programs based on a half

power point of the biosignal in the frequency band comprising a frequency range

of about 16 Hz to about 30 Hz. A half power point may refer to the time at which

the power level within a selected frequency band drops to half of a maximum

power level. In FIG. 11, the maximum power level appears to occur during the

awake state (106) or REM sleep stage ( 112). The biosignal in the graph of FIG. 11

decreases to the half power point or lower during the Stage 2 and Deep Sleep

stages. Thus, the half power point may be a good indicator for when patient 12

switches from the Stage 1 sleep stage to the Stage 2 sleep stage, and from the Deep

Sleep stage to the REM sleep stage.

[0163] FIGS. 12A-12D are conceptual graphs that illustrate waveforms of a

biosignal sensed within a brain of a human subject over time during the awake

state and various sleep stages. The amplitude of the biosignal is measured in

microvolt (µV) in FIGS. 12A-12D. In the examples shown in FIGS. 12A-12D, the

biosignal is a local field potential measured in the subthalamic nucleus of a human

subject diagnosed with Parkinson's disease.

[0164] FIG. 12A illustrates the waveform of the biosignal sensed within the brain

of the subject during an awake stage of the subject. FIG. 12B illustrates waveform

of the biosignal during Stage 1 sleep stage of the subject. FIG. 12C illustrates the

waveform of the biosignal during Stage 2 and Deep Sleep stages of the subject.

FIG. 12D illustrates the waveform of the biosignal during REM sleep stage of the

subject.

[0165] FIGS. 12A-12D suggest that the biosignal had more activity within a

frequency range of about 20 Hz to about 25 Hz of a beta frequency band during the

awake state, Stage 1 sleep stage, and REM sleep stage compared to the Stage 2 and

Deep Sleep stages of the subject. Again, this suggests that the beta band of a

biosignal may be useful for determining when patient is in the awake state, Stage 1



sleep stage, and REM sleep stage in order to deliver therapy to patient during the

awake state, Stage 1 sleep stage, and REM sleep stage or least detect the awake

state, Stage 1 sleep stage, and REM sleep stage compared to the Stage 2 and Deep

Sleep stages.

[0166] FIG. 13 is a logic diagram illustrating an example circuit that may be used

to determine a sleep stage of patient 12 from a biosignal that is generated based on

local field potentials (LFP) within brain 13 of patient 12. Module 114 may be

integrated into sleep stage detection module 59 of IMD 16 (FIG. 2) or a processor

of another device, such as processor 70 of programmer 14 (FIG. 5). A local field

potential (LFP) detected by electrodes 22 of leads 20 or another set of electrodes

may be transmitted into module 114 and provided to spectral analysis submodule

115, which extracts the frequency components of the local field potential signal,

such as by implementing a fast Fourier transform algorithm. Although not shown

in FIG. 13, in some examples, the local field potential signal may be provided to an

amplifier prior to being sent to spectral analysis submodule 115. In other

examples, a bandpass filter may be used to allow the frequencies of a selected

frequency band.

[0167] After passing through spectral analysis submodule 115, the local field

potential biosignal may pass through a power determination submodule 116, which

may determine a power of the local field potential signal in a selected frequency

band, which may be, for example a beta band (e.g., about 10 Hz to about 30 Hz).

The extracted power level of the local field potential signal outputted by power

determination submodule 116 may be sent to comparator 117, along with a

threshold value, which may be provided by processor 50. As indicated above, the

threshold value may be specific to a particular sleep stage or a group of sleep

stages. Comparator 117 may compare the threshold value and the power

determined by power determination submodule 116, e.g., to determine whether the

power determined is greater than or equal to, or, in some cases, less than or equal

to the threshold value.

[0168] The signal from comparator 117 may be indicative of a sleep stage or a

group of sleep stages of patient 12. Sleep stage logic 118 may determine the

patient sleep stage based on the signal from comparator 117 and generate a sleep



stage indication indicating that patient 12 may be within the determined sleep

stage. Processor 50 may then take an action associated with the sleep stage

indication, such as by referencing a look-up table (e.g., table 60 in FIG. 4). The

look-up table may specify actions such as selecting a therapy program, activating

or deactivating therapy delivery to patient 12 or modifying a therapy program.

Processor 50 may control stimulation generator 54 (FIG. 2) to deliver therapy to

patient 12 in accordance with the selected or modified therapy program.

[0169] In some examples, sleep stage logic 118 may include duration logic that

determines whether a power level of the biosignal within a selected frequency band

or a ratio of power levels within two or more selected frequency bands is greater

(or less and, in some cases equal to) than a stored threshold value for a

predetermined amount of time. If sleep stage logic 118 determines that the power

level or ratio of power levels is greater than or equal to the stored threshold value

for the predetermined amount of time, sleep stage logic 118 may determine that

patient 12 is in the sleep stage associated with the threshold value. In other

examples, sleep stage logic 118 may include duration logic that determines

whether a power level of the biosignal within a selected frequency band or a ratio

of power levels within two or more selected frequency bands is less than or equal

to a stored threshold value for a predetermined amount of time.

[0170] In some examples, different channels may be used to monitor power within

different frequency bands and compare the power in the different frequency bands

to respective threshold values. In examples in which a bandpass filter is used to

extract the relevant frequency band components, each channel may have a

respective bandpass filter, and, in some cases, a full-wave rectifier. The bandpass

filter of each channel may allow frequencies in different ranges. Each channel

may include a respective amplifier and bandpass filter or a common amplifier may

amplify the LFP signal prior to spectral analysis submodule 115. After bandpass

filtering of the local field potential signal (or other biosignal), the filtered signals

may be similarly processed in parallel before being delivered to sleep stage logic

module 118. Multiple channels may be useful when some sleep stages are easier to

distinguish from another sleep stage in different frequency bands.



[0171] FIG. 14 is a flow diagram illustrating another example technique for

controlling therapy delivery based on a frequency band characteristic of a biosignal

from brain 13 of patient 12. Processor 50 of IMD 16 may receive a biosignal (82),

e.g., from sensing module 55 (FIG. 2), which may be in the same or a different

housing than IMD 16. Sleep stage detection module 59 may determine a ratio of

power levels within at least a first and second frequency band (120). The ratio

may be, for example, a value determined by dividing a first power level of the

biosignal within the first frequency band by a second power level of the biosignal

within the second frequency band. The frequency bands that are selected to

determine the ratio may be, for example, frequency bands that have been

determined, e.g., by a clinician or others, to be revealing of the different sleep

stages of patient 12 or at least revealing of the differences between groups of sleep

stages. In some examples, the groups of sleep stages may include a first group in

which therapy delivery during the sleep stages of the first group is desirable, and a

second group in which therapy delivery during the sleep stages of the second group

is not desirable or is minimal.

[0172] In general, determining a sleep stage of patient 12 based on a ratio of power

levels within two frequency bands of the biosignal may be useful because of the

more robust nature of the ratio, which considers activity in two frequency bands.

In some cases, a power level within a single frequency band may be relatively

small (e.g., on the order of microvolts), which may be difficult to measure with

relatively accuracy and precision. Determination of a frequency characteristic that

includes a ratio of power levels may help generate a value that is more indicative

of the activity within the frequency bands, irrespective of the relatively small

power values. For example, determination of a frequency characteristic that

includes a ratio of power levels may help correlate the change in power in one

frequency band to a change in power in another frequency band, which may be

more revealing of the sleep stage of patient 12. In addition, depending on the

selected frequency bands, different power ratios may be useful for distinguishing

between different subsets of sleep stages.

[0173] In the example shown in FIG. 14, sleep stage detection module 59

compares the ratio of powers within the selected frequency bands to a threshold



value (122). If the ratio is less than the threshold value, processor 50 may continue

monitoring the biosignal (82) without controlling therapy delivery. For example,

stimulation generator 54 (FIG. 2) may not deliver any therapy to patient 12 if the

ratio of the power levels within the first and second selected frequency bands is

less than the threshold value.

[0174] If sleep stage detection module 59 determines that the ratio of the power

levels within the first and second selected frequency bands is greater than or equal

to the threshold value (122), sleep stage detection module 59 may determine that

patient 12 may be in the sleep stage associated with the threshold value (124).

Again, sleep stages or sleep stage groups may be associated with threshold values

in a look-up table or data structured stored within memory 52 of IMD 16 or a

memory of another device. In some examples, sleep stage detection module 59

may determine a group of sleep stages based on the comparison, particularly if the

threshold value is associated with more than one sleep stage. Processor 50 may

control stimulation generator 54 (FIG. 2) of IMD 16 based on the determined sleep

stage (88), such as by selecting a therapy program that is associated with the sleep

stage.

[0175] In other examples, processor 50 may not directly determine the sleep stage,

but may indirectly determine the sleep stage by selecting a therapy program based

on the comparison between the ratio of power levels and the threshold value, and

controlling the therapy delivery based on the selected therapy program (88). As

previously indicated, in some examples, processor 50 may not determine a specific

sleep stage associated with the threshold value, but may merely determine a

therapy program or therapy program modification based on the threshold value. In

this way, processor 50 may effectively determine the sleep stage without

determining the specific name of the sleep stage that has been detected.

[0176] In other examples of the technique shown in FIG. 14, sleep stage detection

module 59 may determine whether the ratio of power levels within the first and

second selected frequency bands is less than or equal to the threshold value in

order to determine whether patient 12 is in a particular sleep stage. Thus, in some

cases, stimulation generator 54 (FIG. 2) may not deliver any therapy to patient 12



if the ratio of the power levels within the first and second selected frequency bands

is greater than the threshold value.

[0177] FIGS. 15A-15C are example tables that associates an awake state and

different sleep stages of a sleep state with threshold values and therapy programs.

The tables or the data within the tables shown in FIGS. 15A-15C may be stored

within memory 52 of IMD 16 (e.g., within therapy programs table 60) or a memory

of another device, such as programmer 14. As shown in FIGS. 15A-15C, in some

cases, a common therapy program may be associated with one or more sleep stages

and/or the awake state of patient 12. Processor 50 may receive a biosignal

generated within brain 13 of patient 12 and determine a frequency characteristic of

the biosignal in order to determine whether patient 12 is generally in a sleep stage

group, rather than determining the specific sleep stage of patient 12. Upon

determining patient 12 is in a sleep stage group, processor 50 may control IMD 16

to deliver therapy to patient 12 based on the determination that patient is generally

in one of a plurality of sleep stages that are grouped together. For example,

processor 50 may select the therapy program associated with the group and control

IMD 16 to deliver therapy to patient 12 according to the selected therapy program.

[0178] FIG. 15A illustrates a table that may be used to compare a ratio of power

between a sigma band and a beta band of a biosignal of patient 12 to a common

threshold value (THRESHOLD C in FIG. 15A) in order to select a therapy

program for controlling therapy delivery to patient 12 by IMD 16. As previously

indicated, activity within a beta band of the biosignal generated within brain tissue

of patient 12 may be revealing of different sleep stages of patient 12. The ratio of

power levels within different subsets of the beta band may also be useful for

determining a sleep stage of patient 12. For example, a ratio of power within the

sigma band, which may refer to a relatively low beta band, and the high beta band

may be useful for distinguishing between different sleep stages or groups of sleep

stages. In some examples, the sigma band may be in a range of about 12 Hz to

about 16 Hz, although other frequency ranges are contemplated for the sigma band.

In some examples, the high beta band may be in a range of about 16 Hz to about 30

Hz, although other frequency ranges are contemplated for the high beta band.



[0179] Based on the data shown in the table of FIG. 15A, a patient awake state and

two sleep stages (STAGE 1 and REM) are grouped together and associated with a

first therapy program (PROGRAM C), and two sleep stages (STAGE 2 and DEEP

SLEEP) are grouped together and associated with a second therapy program

(PROGRAM C). Upon detecting a biosignal that has a ratio of power levels within

the sigma band and high beta band that is greater than the threshold value,

THRESHOLD C, processor 50 may control stimulation generator 54 to generate

and deliver therapy to patient 12 according to the parameter values defined by

PROGRAM C. By selecting PROGRAM C based on the comparison of the ratio

of power levels within the selected frequency bands, processor 50 may determine

patient 12 is in at least one of the AWAKE state or the STAGE 1 or REM sleep

stages.

[0180] On the other hand, upon detecting a biosignal that has a ratio of power

levels in the sigma band and beta band that is less than the threshold value,

THRESHOLD C, processor 50 may control stimulation generator 54 to generate

and deliver therapy to patient 12 according to the parameter values defined by

PROGRAM D. By selecting PROGRAM D based on the comparison of the ratio

of power levels within the selected frequency bands, processor 50 may determine

patient 12 is in a sleep stage group including the STAGE 2 and DEEP SLEEP

stages.

[0181] Just as in the example table shown in FIG. 8, when processor 50 references

the table shown in FIG. 15A to determine a patient sleep stage, processor 50 may

control stimulation generator 54 to generate and deliver therapy to patient 12

according to the same therapy program, regardless of whether patient 12 is an

awake state (i.e., not in a sleep state) or in the Stage 1 or REM sleep stages. As

FIG. 15A indicates, the presence of a relative low ratio of a sigma band power to a

high beta band power, as indicated by a value less than THRESHOLD C, may be a

marker for a transition from Stage 2 sleep to REM sleep.

[0182] FIG. 15B illustrates a table that may be used to compare a ratio of power in

a beta band and an alpha band of a biosignal of patient 12 to two threshold values

(THRESHOLD D and THRESHOLD E in FIG. 15B) in order to select a therapy

program for controlling therapy delivery to patient 12 by IMD 16. In some



examples, the alpha band may be in a range of about 5 Hz to about 10 Hz, although

other frequency ranges are contemplated for the alpha band. In some examples,

the beta band may be in a range of about 10 Hz to about 30 Hz, although other

frequency ranges are contemplated for the beta band. In addition, the ratio of

power between a beta band and an alpha band of the biosignal may include a ratio

of power between a subset of the beta band and a subset of the alpha band.

[0183] As FIG. 15B illustrates, the ratio of power between the beta band and alpha

band may be useful for distinguishing between the awake state of patient 12 and

Stage 2, Deep Sleep, and REM sleep stages of patient 12. In addition, the beta

band power and alpha band power ratio may be useful for distinguishing between

the Stage 1 sleep stage of patient 12 and the Stage 2, Deep Sleep, and REM sleep

stages of patient 12. Further, the beta band power and alpha band power ratio may

be useful for distinguishing between the REM sleep stage of patient 12 and the

awake state, Stage 1, and Deep Sleep stages of patient 12.

[0184] Based on the data shown in the table of FIG. 15B, a patient awake state and

the STAGE 1 sleep stage are grouped together and associated with a first therapy

program (PROGRAM E), two sleep stages (STAGE 2 and DEEP SLEEP) are

grouped together and associated with a second therapy program (PROGRAM F),

and another sleep stage (REM) is associated with a third therapy program

(PROGRAM G). Upon detecting a biosignal that has a ratio of power levels within

the beta and alpha bands that is greater than a first threshold value, THRESHOLD

D, but less than a second threshold value, THRESHOLD E processor 50 may

control stimulation generator 54 to deliver therapy to patient 12 according to the

parameter values defined by PROGRAM E. By selecting PROGRAM E based on

the comparison of the ratio of power levels to the first and second threshold values,

processor 50 may determine patient 12 is in a sleep stage group including at least

one of the AWAKE state or the STAGE 1 sleep stage.

[0185] If sleep stage detection module 59 determines that a biosignal has a ratio of

power levels within the beta and alpha bands that is less than the first threshold,

THRESHOLD D, such that the ratio is less than the threshold value associated

with the AWAKE state and STAGE 1 sleep stage, processor 50 may control

stimulation generator 54 to generate and deliver therapy to patient 12 according to



the parameter values defined by PROGRAM F. By selecting PROGRAM F based

on the comparison of the ratio of power levels within the selected frequency bands

of the biosignal to the first threshold value, THRESHOLD D, processor 50 may

determine patient 12 is in at least one of the STAGE 2 or DEEP SLEEP stages of a

sleep state.

[0186] If sleep stage detection module 59 determines that a biosignal has a ratio of

power levels within the beta and alpha bands that is greater than the second

threshold, THRESHOLD E, such that the ratio is greater than the threshold value

associated with the AWAKE state and STAGE 1 sleep stage, processor 50 may

control stimulation generator 54 to deliver therapy to patient 12 according to the

parameter values defined by PROGRAM G. By selecting PROGRAM G based on

the comparison of the ratio of power levels within the selected frequency bands of

the biosignal to the second threshold value, THRESHOLD E, processor 50 may

determine patient 12 is within the REM sleep stage of a sleep state.

[0187] When sleep stage detection module 59 references the table shown in FIG.

15B to determine a patient sleep stage, processor 50 may control stimulation

generator 54 to deliver therapy to patient 12 according to the same therapy

program, regardless of whether patient 12 is an awake state or in the Stage 1. As

FIG. 15B indicates, the presence of a relative high ratio of a beta band power to an

alpha band power, as indicated by a value greater than THRESHOLD E, may be a

marker for a transition from Stage 2 sleep to REM sleep. Further, sleep stage

detection module 59 may use two threshold values, THRESHOLD D and

THRESHOLD E, to distinguish between the awake state and Stage 1 sleep stage,

and the REM stage. This may be useful if different therapy parameter values

provide efficacious therapy to improve the quality of the patient's sleep during the

Stage 1 stage versus the REM stage, or during the awake stage versus the REM

stage.

[0188] FIG. 15C illustrates another example table, which sleep stage detection

module 59 may reference in order to compare a ratio of power between a theta

band and an alpha band of a biosignal of patient 12 to a common threshold value

(THRESHOLD F in FIG. 15C) in order to select a therapy program for controlling

therapy delivery to patient 12 by IMD 16. In some examples, the alpha band may



be in a range of about 8 Hz to about 14 Hz, although other frequency ranges are

contemplated for the alpha band. In some examples, the theta band may be in a

range of about 4 Hz to about 8 Hz, while in other examples, the theta band may be

in a range of about 5 Hz to about 10 Hz. Other frequency ranges are contemplated

for the theta band. In addition, the ratio of power between a theta band and an

alpha band of the biosignal may include a ratio of power between a subset of the

theta band and a subset of the alpha band.

[0189] As FIG. 15C illustrates, the ratio of power between the theta band and

alpha band may be useful for distinguishing between a first sleep stage group

(GROUP A), which includes the awake state of patient 12 and the Stage 1 and

REM sleep stages, and a second sleep stage group (GROUP B), which includes the

Stage 2 and Deep Sleep stages of patient 12. Based on the data shown in the table

of FIG. 15C, a patient awake state, the STAGE 1 sleep stage, and the REM sleep

stage are grouped together and associated with a first therapy program

(PROGRAM H), and two sleep stages (STAGE 2 and DEEP SLEEP) are grouped

together and associated with a second therapy program (PROGRAM I). Upon

detecting a biosignal that has a ratio of power levels within the theta and alpha

bands that is less than a threshold value, THRESHOLD F, processor 50 may

control stimulation generator 54 to generate and deliver electrical stimulation to

patient 12 according to the parameter values defined by PROGRAM H. By

selecting PROGRAM H based on the comparison of the ratio of power levels of

the biosignal within the selected frequency bands to the threshold value,

THRESHOLD F, processor 50 may determine patient 12 is in at least one of the

AWAKE state or the STAGE 1 or REM sleep stages.

[0190] If processor 50 determines that a biosignal has a ratio of power levels

within the theta and alpha bands that is greater than the threshold value,

THRESHOLD F, processor 50 may control stimulation generator 54 to generate

and deliver electrical stimulation to patient 12 according to the parameter values

defined by PROGRAM I . By selecting PROGRAM I based on the comparison of

the ratio of power levels of the biosignal within the selected frequency bands to the

first threshold value, THRESHOLD F, processor 50 may determine patient 12 is in

at least one of the STAGE 2 or DEEP SLEEP stages of a sleep state.



[0191] When processor 50 references the table shown in FIG. 15C to determine a

patient sleep stage, processor 50 may deliver therapy to patient 12 according to the

same therapy program, regardless of whether patient 12 is an awake state or in the

Stage 1 or REM sleep stages. As FIG. 15C indicates, the presence of a relative low

ratio of a theta band power to an alpha band power, as indicated by a value less

than THRESHOLD F, may be a marker for a transition from the Stage 2 sleep

stage to the REM sleep stage.

[0192] FIG. 16 is a graph illustrating a change in a ratio of power levels in a

relatively low frequency band (e.g., a theta or alpha band) and a higher frequency

band (e.g., a beta band) of a biosignal measured within a brain of a human subject

over time. In the example shown in FIG. 16, the ratio is between the power level

in a frequency band in a range of about 2 Hz to about 8 Hz and the power level in a

frequency band in a range of about 16 Hz to about 30 Hz. The biosignal used to

generate the data shown in the graph of FIG. 16 may be a local field potential

measured in the subthalamic nucleus of a human subject diagnosed with

Parkinson's disease.

[0193] As FIG. 16 illustrates, the ratio of energies within the relatively low

frequency band and a higher frequency band is relatively low during both the

awake state of patient 12 and the Stage 1 and REM sleep stages. The ratio

increases during the Stage 2 and Deep Sleep stages of the sleep state. The graph

shown in FIG. 16 suggests that the ratio of power levels in the frequency band in a

range of about 2 Hz to about 8 Hz and the power level in a frequency band in a

range of about 16 Hz to about 30 Hz may be useful for distinguishing between the

awake state of patient and the Stage 2 and Deep Sleep stages, as well as

distinguishing between the Stage 1 and REM sleep stages of the sleep state and the

Stage 2 and Deep Sleep stages. A threshold value for determining whether patient

12 is generally in a first group of states, including the awake state and the Stage 1

and REM sleep stages, may be selected based on data similar to that shown in FIG.

16. For example, based on the graph shown in FIG. 16, the threshold value for

comparing the ratio of power levels against may be about 30.

[0194] In examples in which processor 50 controls the delivery of therapy to

patient 12 according to different therapy programs during the Stage 2 and Deep



Sleep stages compared to the awake state and the Stage 1 and REM sleep stages,

the threshold value may be selected based on a half power point of the value of the

ratio of the relatively low frequency band (e.g., a theta or alpha band) and a higher

frequency band (e.g., a beta band) of a biosignal. In FIG. 16, the maximum power

level appears to occur during the Stage 2 and Deep Sleep stages. The biosignal in

the graph of FIG. 16 decreases to the half power point or lower during the awake

state and the Stage 1 and REM sleep stages. Thus, the half power point may be a

relatively good indicator for when patient 12 switches from the Stage 1 sleep stage

to the Stage 2 sleep stage, and from the Deep Sleep stage to the REM sleep stage.

[0195] FIG. 17 is a logic diagram illustrating an example circuit module that

determines a sleep stage of patient 12 from a biosignal that is generated based on

local field potentials (LFP) within brain 13 of patient 12. Module 125 may be

integrated into sleep stage detection module 59 of IMD 16 (FIG. 2) or of another

device, such as programmer 14. A local field potential sensed by electrodes 22 of

leads 20 or another set of electrodes may be transmitted into module 125 and

provided to spectral analysis submodule 115, which extracts the frequency

components of the local field potential signal, such as by implementing a fast

Fourier transform algorithm. Although not shown in FIG. 17, in some examples,

the local field potential signal may be provided to an amplifier prior to being sent

to spectral analysis submodule 115.

[0196] After passing through spectral analysis submodule 115, the local field

potential signal may pass through a first power determination submodule 126,

which may determine a power of the local field potential signal in a first frequency

band, and a second power determination submodule 127, which may determine a

power of the local field potential signal in a second frequency band. In other

examples, a bandpass filter may be used to extract the desired frequency band

components of the local field potential signal.

[0197] In some examples, the first frequency band may be a beta band (e.g., about

10 Hz to about 30 Hz) or a subset of the beta band, and the second frequency band

may be an alpha band (e.g., about 8 Hz to about 12 Hz) or a subset of the alpha

band. In another example, the first frequency band may be a sigma band (e.g.,

about 12 Hz to about 16 Hz) or a subset of the sigma band, and the second



frequency band may be a high beta band (e.g., about 16 Hz to about 30 Hz) or a

subset of the high beta band. In another example, the first frequency band may be

a theta band (e.g., about 4 Hz to about 8 Hz) or a subset of the theta band, and the

second frequency band may be an alpha band (e.g., about 8 Hz to about 12 Hz) or a

subset of the alpha band. Other frequency band combinations for determining a

ratio are contemplated.

[0198] The extracted power levels of the local field potential signal outputted by

power determination submodules 126, 127 may be sent to a ratio calculator 128,

which may determine a value of the ratio between a first power level determined

by first power determination module 126 and a second power level determined by

second power determination module 127. The value determined by ratio calculator

128 may be sent to comparator 129, along with a threshold value, which may be

provided by processor 50. As indicated above, the threshold value may be specific

to a particular sleep stage or a group of sleep stages. Comparator 129 may

compare the threshold value and the ratio value determined by ratio calculator 128,

e.g., to determine whether the threshold is greater than or equal to, or, in some

cases, less than or equal to the threshold value.

[0199] The signal from comparator 129 may be indicative of a sleep stage or a

group of sleep stages of patient 12. Sleep stage logic 130 may determine the

patient sleep stage based on the signal from comparator 129 and generate a sleep

stage indication indicating that patient 12 may be within the determine sleep stage.

Processor 50 may then take an action associated with the sleep stage indication,

such as by referencing a look-up table (e.g., table 60 in FIG. 4). The look-up table

may specify actions such as selecting a therapy program, activating or deactivating

therapy delivery to patient 12 or modifying a therapy program.

[0200] In some examples, sleep stage logic 130 may include duration logic that

determines whether a power level of the biosignal within a selected frequency band

or a ratio of power levels within two or more selected frequency bands is greater

than (or, in some cases, less than, and, in some cases equal to) a stored threshold

value for a predetermined amount of time. If sleep stage logic 130 determines that

the power level or ratio of power levels is greater than or equal to the stored

threshold value for the predetermined amount of time, sleep stage logic 130 may



determine that patient 12 is in the sleep stage associated with the threshold value.

In other examples, sleep stage logic 130 may include duration logic that determines

whether a power level of the biosignal within a selected frequency band or a ratio

of power levels within two or more selected frequency bands is less than or equal

to a stored threshold value for a predetermined amount of time.

[0201] FIG. 18 is a flow diagram illustrating another example technique for

controlling therapy delivery to patient 12 based on a determined sleep stage.

Processor 50 may receive a biosignal that is sensed within brain 13 of patient 12

(82) and sleep stage detection module 59 may determine a power level within a

selected frequency band of the biosignal (131). Sleep stage detection module 59

may determine a pattern in the power level within the selected frequency band over

time and compare the pattern to a template. The template may be stored within

memory 52 of IMD 16. Sleep stage detection module 59 may determine whether

the pattern in the power level of the biosignal within the selected frequency band

over time matches the template (132).

[0202] In some examples, sleep stage detection module 59 may sample a

waveform with a sliding window, where the waveform may be defined by plotting

the power level of the biosignal within the selected frequency over time with a

sliding window and compare the waveform with stored template waveform. For

example, sleep stage detection module 59 may perform a correlation analysis by

moving a window along a digitized plot of the waveform of the biosignal at regular

intervals, such as between about one millisecond to about ten millisecond intervals,

to define a sample of the biosignal. The sample window may be slid along the plot

until a correlation is detected between the template and the waveform defined by

the power levels within the selected frequency band over time. By moving the

window at regular time intervals, multiple sample periods may be defined.

[0203] The correlation may be detected by, for example, matching multiple points

between the template waveform and the waveform of the plot of the power level

within the selected frequency band of the biosignal over time, or by applying any

suitable mathematical correlation algorithm between the sample in the sampling

window and a corresponding set of samples stored in the template waveform. In

some examples, the template matching algorithm that is employed to determine



whether the pattern matches the template (132) may not require a one hundred

percent (100%) correlation match, but rather may only match some percentage of

the pattern. For example, if the pattern in the power level of the biosignal within

the selected frequency band over time exhibits a pattern that matches about 75% or

more of the template, the algorithm employed by sleep stage detection module 59

may determine that there is a substantial match between the pattern and the

template.

[0204] If the pattern of the plot of the power level of the biosignal within the

selected frequency band over time substantially matches a template (132), sleep

stage detection module 59 may determine a sleep stage (134) of patient 12 and

control therapy delivery to patient 12 based on the determined sleep stage (88).

Sleep stage detection module 59 may determine the sleep stage (134) by

referencing a data structure that may be stored within memory 52. For example,

the data structure may associate the template with one or more sleep stages, and

processor 50 may determine that patient 12 is in one or more of the sleep stages

upon detecting a match between the pattern of power levels over time and the

template.

[0205] If the pattern of the plot of the power level of the biosignal within the

selected frequency band over time does not substantially match a pattern template

(132), processor 50 may continue monitoring the biosignal (82) to detect the one or

more sleep stages associated with the biosignal. In some cases, processor 50 may

sequentially or substantially simultaneously compare the pattern of the plot of the

power level of the biosignal within the selected frequency band over time to

another template, which may be associated with another sleep stage or another

group of sleep stages.

[0206] FIG. 19 is a flow diagram illustrating an example technique for associating

one or more frequency characteristics of a biosignal with a sleep stage. The

technique shown in FIG. 19 may be used to determine the threshold values or

templates described above for determining one or more patient sleep stages based

on a biosignal that is sensed within brain 13 of patient 12. Thus, in some

examples, the technique shown in FIG. 19 may be performed during a

programming session or a trial stage that occurs prior to implementation of the



IMD 16 control technique based on a detected sleep stage (e.g., the techniques

shown in FIGS. 6, 7, 14, and 18). In some examples, the one or more frequency

characteristics of the biosignal that are associated with a sleep stage and are later

used to determine a sleep stage of patient 12 may be specific to patient 12. For

example, a sleep study may be conducted, during which the clinician may monitor

a biosignal generated within brain 13 of patient 12 during the patient's sleep state

and determine the one or more frequency characteristics while patient 12 is asleep.

In other examples, the one or more frequency characteristics of the biosignal that

are associated with a sleep stage and are later used to determine a sleep stage of

patient 12 may be based on data from two or more patients, which may include, for

example, patients having similar neurological disorders or at least similar sleep

disorder symptoms. While FIG. 19 is primarily described with reference to

processor 70 of programmer (FIG. 5), in other examples, another device (e.g., IMD

16 or another computing device), alone or in combination with programmer 14

may perform the technique shown in FIG. 19.

[0207] Processor 70 may receive a biosignal from IMD 16 or a different sensing

module (135), where the biosignal indicates activity within brain 13 of patient 12.

Processor 70 may determine a sleep stage of patient 12 (136). In one example,

processor 70 may receive input from the clinician indicating the sleep stage of

patient 12, or processor 70 may determine the sleep stage based on a physiological

parameter of patient 12 other than a brain signal, as described below with reference

to FIGS. 20 and 21.

[0208] Processor 70 may select one or more frequency bands of the biosignal

(137) in order to determine a frequency characteristic of the sleep stage (138). If

processor 70 determines a frequency characteristic that includes a ratio in two

frequency bands, processor 70 may select two frequency bands of the biosignal

(137). Depending on the patient or the sleep stage, the frequency bands that are

useful for distinguishing between two or more different patient sleep stages or

otherwise determining a patient sleep stage based on a biosignal from brain 13 may

differ.

[0209] In some examples, processor 70 may select the one or more frequency

bands based on input from the clinician. In other examples, processor 70 may



reference information stored within memory 72 of programmer 14 to determine the

one or more frequency bands to select. The information may suggest, for example,

one or more frequency bands that may be useful for determining a frequency band

characteristic for determining the determined sleep stage. The information may

based on prior studies on patient 12 or a group of two or more patients that have

similar sleep disorder or movement disorder symptoms as patient 12. The clinician

or processor 70 may select a frequency band that is believed to distinguish the

current sleep stage of patient (determined in block 136) from one or more other

sleep stages.

[0210] Processor 70 may determine the frequency characteristic of the biosignal

(138) using any suitable technique. In one example, the clinician may provide

input via user interface 76 of programmer 14 that indicates the type of frequency

characteristic processor 70 should extract from the biosignal. The clinician or

processor 70 may automatically select a peak, median, average or lowest power

level of the biosignal during the sleep stage or a portion of the sleep stage. The

duration of the sleep stage may be determined based on clinician input or other

physiological parameters that may indicate when patient 12 transitions to the next

sleep stage following the currently detected sleep stage. The peak, median or

average power level may then be stored as a threshold value for detecting the sleep

stage.

[0211] As another example, the clinician or processor 70 may automatically select

a peak, median, average or lowest value of the ratio of power levels of the

biosignal in the selected frequency bands during the sleep stage or at least a portion

of the sleep stage as the frequency characteristic. The peak, median, average or

lowest value may then be stored as a threshold value for detecting the sleep stage.

As another example, the clinician or processor 70 may automatically select a

pattern of the power levels of the biosignal in the selected frequency band during

the sleep stage or at least a portion of the sleep stage as the frequency

characteristic. The pattern of the power levels of the biosignal over time or the

amplitude waveform of the biosignal during the selected time period may be stored

as a template for detecting the sleep stage. If the amplitude waveform of the

biosignal is stored, processor 50 of IMD 16 may later analyze the frequency band



components of the biosignal waveform to determine the pattern of power levels

that indicate patient 12 is in the sleep stage.

[0212] After determining the frequency characteristic of the biosignal, processor

70 may associate the characteristic with the sleep stage in memory 72 of

programmer 14 (139). In some examples, processor 70 may transmit the frequency

characteristic and associated sleep stage information to IMD 16 via the respective

telemetry modules 74, 56. In some examples, the clinician may review and modify

the information prior to programming IMD 16 with the frequency characteristic

information.

[0213] FIG. 20 is a flow diagram illustrating an example technique for confirming

that patient 12 is in a particular sleep stage based on at least two determinations of

the sleep stage based on different variables. In some examples, as shown in FIG.

20, processor 50 may determine the sleep stage after determining that a sleep stage

determination by sleep stage detection module 59 based on a frequency

characteristic of a biosignal from within brain 13 of patient 12 substantially

matches a sleep stage determination based on another physiological parameter of

patient. Independently validating the patient sleep stage based on two different

signals may help detect a potential failure mode of the sleep stage detection

module 59 or sensing module 55.

[0214] Processor 50 may receive a biosignal (82) and determine a sleep stage

based on a frequency characteristic of the biosignal, e.g., using the techniques

described with respect to FIGS. 6, 7, 14, and 18. As previously described, in other

examples, sleep stage detection module 59 may determine the frequency

characteristic of the biosignal and/or the sleep stage determination.

[0215] Processor 50 may also receive a physiological signal (140). The

physiological signal may change as a function of a physiological parameter of

patient 12 that is indicative of a sleep stage, such as an activity level, posture, heart

rate, respiration rate, respiratory volume, blood pressure, blood oxygen saturation,

partial pressure of oxygen within blood, partial pressure of oxygen within

cerebrospinal fluid, muscular activity, core temperature, arterial blood flow, and

galvanic skin response. Processor 50 may determine a sleep stage based on the

physiological signal (142). Processor 50 may detect a sleep stage of patient 12



based on the physiological signal using any suitable technique. As various

examples, processor 50 may compare a voltage or current amplitude of the

physiological signal with a threshold value, correlate an amplitude waveform of

the physiological signal in the time domain or frequency domain with a template

signal, or combinations thereof. The threshold values or templates may be

determined based on sleep studies performed on patient 12 or one or more patients,

which case the thresholds and templates may not be specific to patient 12.

[0216] In one example, the instantaneous or average amplitude of the

physiological signal over a period of time may be compared to an amplitude

threshold, which may be associated with one or more sleep stages. As another

example, a slope of the amplitude of the physiological signal over time or timing

between inflection points or other critical points in the pattern of the amplitude of

the physiological signal over time may be compared to trend information.

Different trends may be associated with one or more sleep stages. A correlation

between the inflection points in the amplitude waveform of the physiological

signal or other critical points and a template may indicate the occurrence of the

sleep stage associated with the template.

[0217] As another example, processor 50 may perform temporal correlation with

templates by sampling the waveform generated by the physiological signal with a

sliding window and comparing the waveform with stored template waveforms that

are indicative of the one or more different sleep stages. If more than one sleep

stage may be detected with different templates, processor 50 may compare the

physiological signal waveform with the template waveforms for the plurality of

sleep stages in any desired order or substantially simultaneously. For example,

processor 50 may compare the physiological signal with the template waveform

indicative of a first sleep stage, followed by the template waveform indicative of a

second sleep stage, and so forth.

[0218] In one example, processor 50 may perform a correlation analysis by

moving a window along a digitized plot of the amplitude waveform of

physiological signal at regular intervals, such as between about one millisecond to

about ten millisecond intervals, to define a sample of the physiological signal. The

sample window may be slid along the plot until a correlation is detected between a



waveform of a template stored within memory 52 and the waveform of the sample

of the physiological signal defined by the window. By moving the window at

regular time intervals, multiple sample periods may be defined. The correlation

may be detected by, for example, matching multiple points between a template

waveform and the waveform of the plot of the physiological signal over time, or by

applying any suitable mathematical correlation algorithm between the sample in

the sampling window and a corresponding set of samples stored in the template

waveform.

[0219] After making separate and independent determinations of the sleep stage

based on the physiological signal (142) and the frequency characteristic of the

biosignal (86), processor 50 may determine whether the sleep stage determinations

are consistent (144). The sleep stage determinations may be consistent if both

sleep stage determinations indicate patient 12 is in the same sleep stage or the same

group of sleep stages. For example, if processor 50 determines that the frequency

characteristic of the biosignal indicates patient 12 is in a first sleep stage, and the

physiological signal indicates patient 12 is in a second sleep stage, but the first and

second sleep stages are associated with a common sleep stage group (e.g., which is

associated with the same therapy program), processor 50 may determine that the

sleep stage determinations are consistent.

[0220] If the sleep stage determinations are consistent (144), processor 50 may

control therapy delivery based on the determined sleep stage (146). If the sleep

stage determinations are not consistent (144), processor 50 may determine that the

sleep stage module 59 or the sensing module providing the physiological signal

failed, and one of the sleep stage determinations was incorrect. Processor 50 may

not control therapy delivery to patient 12 in response to detecting the sleep stage.

Accordingly, if IMD 16 is delivering therapy to patient 12 according to a therapy

program, IMD 16 may continue delivering therapy to patient 12 according to the

therapy program. As another example, if IMD 16 is not delivering therapy to

patient 12, IMD 16 may remain in a deactivated state. Processor 50 may then

continue monitoring the biological signal (82) and physiological signal (140) until

sleep stage determinations based on a respective one of the physiological signal

and biological signal match.



[0221] As previously indicated, in some examples, processor 50 of IMD 16 or a

processor of another device may determine whether patient 12 is in a sleep state

prior to determining the particular sleep stage of the sleep state patient is in. The

sleep state, and, in some examples, the sleep stage of patient 12 may be determined

based on a physiological parameter of patient 12 other than biosignals within brain

13. FIG. 2 1 is a conceptual illustration of examples of different sensing modules

that may be used to generate physiological signals indicative of one or more

physiological parameters of patient 12. The sensing modules shown in FIG. 2 1

may be used instead of or in addition to sensors that are coupled to IMD 16 or

implanted within patient 12 separate from IMD 16. One example of a sensing

module is motion sensor 150, which includes sensors that generate a signal

indicative of patient motion, such as 2-axis or 3-axis accelerometer or a

piezoelectric crystal. Motion sensor 150 is coupled to a torso of patient 12 via a

belt 151 and may transmit signals to IMD 16, programmer 14 or another device.

[0222] Detection of patient movement via signals generated by motion sensor 150

may be used to determine whether patient 12 is in a sleep state, e.g., by detecting a

relatively high level of motion, which may indicate patient is in an awake state or

detecting a relatively low level of motion, which may indicate patient 12 is in a

sleep state. As examples, threshold comparisons, peak level detection or threshold

crossings may be used to determine whether patient 12 is in an awake state or sleep

state stated based on signals from motion sensor 110.

[0223] Processor 50 of IMD 16 may monitor output from motion sensor 150.

Signals generated by motion sensor 150 may be sent to processor 50 of IMD 16

(FIG. 3) via wireless signals. Processor 50 or another processor may determine a

patient's posture or activity level using any suitable technique, such as by output

from motion sensor 150 or another sensing that generates a signal indicative of

heart rate, respiration rate, respiratory volume, core temperature, blood pressure,

blood oxygen saturation, partial pressure of oxygen within blood, partial pressure

of oxygen within cerebrospinal fluid, muscular activity, arterial blood flow, EMG,

an EEG, an ECG or galvanic skin response. Processor 50 may associate the signal

generated by a 3-axis accelerometer or multiple single-axis accelerometers (or a

combination of a three-axis and single-axis accelerometers) with a patient posture,



such as sitting, recumbent, upright, and so forth, and may associate physiological

parameter values with patient activity level. For example, processor 50 may

process the output from accelerometers located at a hip joint, thigh or knee joint

flexure coupled with a vertical orientation sensor (e.g., an accelerometer) located

on the patient's torso or head in order to determine the patient's posture. The

determined posture level may also indicate whether patient 12 is in a sleep state or

an awake state. For example, when patient 12 is determined to be in a recumbent

posture, processor 50 may determine patient 12 is sleeping. As another example, if

processor 50 determines patient 12 is standing or sitting up, processor 50 may

determine patient 12 is in an awake state.

[0224] Suitable techniques for determining a patient's activity level or posture are

described in commonly-assigned U.S. Patent Application Publication No.

2005/0209644, entitled, "COLLECTING ACTIVITY INFORMATION TO

EVALUATE THERAPY," and U.S. Patent Application Serial No. 11/799,035,

entitled, "THERAPY ADJUSTMENT." As described in U.S. Patent Application

Publication No. 2005/0209644, a processor may determine an activity level based

on a signal from a sensor, such as an accelerometer, a bonded piezoelectric crystal,

a mercury switch or a gyro, by sampling the signal and determining a number of

activity counts during the sample period. For example, processor 50 may compare

the sample of a signal generated by an accelerometer or piezoelectric crystal to one

or more amplitude thresholds stored within memory 52. Processor 50 may identify

each threshold crossing as an activity count. Where processor 50 compares the

sample to multiple thresholds with varying amplitudes, processor 50 may identify

crossing of higher amplitude thresholds as multiple activity counts.

[0225] A motion sensor may be coupled to patient 12 at any suitable location and

via any suitable technique, and more than two motion sensors may be used to

determine a patient awake or sleep state, and, in some cases, a patient sleep stage

within the sleep state. For example, as shown in FIG. 21, accelerometer 152 may

be coupled to a leg of patient 12 via band 154. Alternatively, a motion sensor may

be attached to patient 12 by any other suitable technique, such as via a wristband.

In other examples, a motion sensor may be incorporated into IMD 16.



[0226] In some examples, a sensing module that senses a physiological parameter

of patient 12 other than a biosignal within brain 13 may include ECG electrodes,

which may be carried by an ECG belt 156. ECG belt 156 incorporates a plurality

of electrodes for sensing the electrical activity of the heart of patient 12. In the

example shown in FIG. 21, ECG belt 156 is worn by patient 12. Processor 50 may

monitor the patient's heart rate and, in some examples, ECG morphology based on

the signal provided by ECG belt 156. Examples of suitable ECG belts for sensing

the heart rate of patient 12 are the "M" and "F" heart rate monitor models

commercially available from Polar Electro OY of Kempele, Finland. In some

examples, instead of ECG belt 156, patient 12 may wear a plurality of ECG

electrodes (not shown in FIG. 21) attached, e.g., via adhesive patches, at various

locations on the chest of patient 12, as is known in the art. An ECG signal derived

from the signals sensed by such an array of electrodes may enable both heart rate

and ECG morphology monitoring, as is known in the art. In addition to or instead

of ECG belt 156, IMD 16 may sense the patient's heart rate, e.g., using electrodes

on a housing of IMD 16, electrodes 22 of leads 20, electrodes coupled to other

leads or any combination thereof.

[0227] In other examples, a therapy system (e.g., DBS system 10 of FIG. 1) may

include a respiration belt 158 that outputs a signal that varies as a function of

respiration of the patient may also be worn by patient 12 to monitor activity to

determine whether patient 12 is in a sleep state, and, in some cases, to determine a

sleep stage of patient 12. For example, in an REM sleep stage, the patient's

respiration rate may increase relative to a baseline respiration rate associated with

Stage 2 or Deep Sleep stages of patient 12. Respiration belt 158 may be a

plethysmograpy belt, and the signal output by respiration belt 158 may vary as a

function of the changes is the thoracic or abdominal circumference of patient 12

that accompany breathing by patient 12. An example of a suitable respiration belt

is the TSD201 Respiratory Effort Transducer commercially available from Biopac

Systems, Inc. of Goleta, California. Alternatively, respiration belt 158 may

incorporate or be replaced by a plurality of electrodes that direct an electrical

signal through the thorax of patient 12, and circuitry to sense the impedance of the

thorax, which varies as a function of respiration of patient 12, based on the signal.



The respiration belt may, for example, be used to generate an impedance

cardiograph (ICG), which detects properties of blood flow in the thorax. In some

examples, the ECG and respiration belts 156, 158, respectively, may be a common

belt worn by patient 12.

[0228] In some examples, a therapy system may also include one or more

electrodes (not shown in FIG. 21), which may be a surface electrode or

intramuscular electrode, that are positioned to monitor muscle activity (e.g., EMG)

of patient 12. Processor 50 may determine muscle activity within a limb of patient

12, such as an arm or leg. Movement of muscles within the patient's limb may be

indicative of whether patient 12 is in a movement state (relatively high muscle

activity) or sleep state (relatively little muscle activity for an extended period of

time). Each of the types of sensing modules 150, 152, 156, 158 or EMG electrodes

described above may be used alone or in combination with each other, as well as in

addition to other sensing devices. Furthermore, in some examples, the sensing

modules may transmit signals to IMD 16, programmer 14 or another device, and a

processor within the receiving device may determine whether patient 12 is awake

or asleep, and, in some examples, may determine a sleep stage of the sleep state of

patient 12.

[0229] While DBS system 10 that delivers electrical stimulation to brain 13 patient

12 is primarily referred to in the disclosure, in other examples, IMD 16 may

deliver electrical stimulation to other tissue sites within patient 12, such as to

provide functional electrical stimulation of specific muscles or muscle groups. In

addition, in other examples, a therapy system that delivers a therapeutic agent to

patient 12 may also control therapy delivery based on a detection of whether

patient 12 is in an awake state or a sleep state, or based on a detection of a sleep

stage of the sleep state. A medical device may deliver one or more therapeutic

agents to tissue sites within brain 13 of patient 12 or to other tissue sites within

patient.

[0230] FIG. 22 is functional block diagram illustrating components of an example

medical device 160 with a drug pump 162. Medical device 160 may be used a

therapy system in which therapy delivery is controlled based on a determined sleep

stage of patient 12. Medical device 160 may be implanted or carried externally to



patient 12. As shown in FIG. 22, medical device 160 includes drug pump 162,

sensing module 163, processor 164, memory 166, telemetry module 168, power

source 170, and sleep stage detection module 172. Processor 164, memory 166,

telemetry module 168, power source 170, sensing module 163, and sleep stage

detection module 172 may be substantially similar to processor 50, memory 52,

telemetry module 56, power source 58, sensing module 55, and sleep stage

detection module 59, respectively, of IMD 16 (FIG. 2).

[0231] Processor 164 controls drug pump 162 to deliver a specific quantity of a

pharmaceutical agent to a desired tissue within patient 12 via catheter 174 that is at

least partially implanted within patient 12. In some examples, medical device 160

may include stimulation generator for producing electrical stimulation in addition

to delivering drug therapy. Processor 164 may control the operation of medical

device 160 with the aid of instructions that are stored in memory 166.

[0232] Medical device 160 is configured to deliver a drug (i.e., a pharmaceutical

agent) or another fluid to tissue sites within patient 12. Just as with sleep stage

detection module 59 of IMD 16, sleep stage detection module 172 (alone or with

processor 164) may be configured to determine a sleep stage of patient 12 based on

a frequency characteristic of a biosignal generated within brain 13. Sensing

module 163 may monitor a biosignal from within brain 13 of patient 12 via

electrodes of lead 176. Sleep stage detection module 172 may determine the

determined sleep stage based on a biosignal from sensing module 163, and

processor 164 may control drug pump 162 to deliver therapy associated with the

determined patient stage. For example, processor 164 may select a therapy

program from memory 52 based on the determined sleep stage, such as by

selecting a stored program or modifying a stored program, where the program

includes different fluid delivery parameter values, and control drug pump 162 to

deliver a pharmaceutical agent or another fluid to patient 12 in accordance with the

selected therapy program. The fluid delivery parameter values may include, for

example, a dose (e.g., a bolus or a group of boluses) size, a frequency of bolus

delivery, a concentration of a therapeutic agent in the bolus, a type of therapeutic

agent to be delivered to the patient (if the medical device is configured to deliver

more than one type of agent), a lock-out interval, and so forth.



[0233] In the example shown in FIG. 22, sleep stage detection module 172 is a part

of processor 164. In other examples, sleep stage detection module 172 and

processor 164 may be separate components, and, in some cases, the separate sleep

stage detection module 172 may include a separate processor. In addition, sensing

module 163 may be in a separate housing from IMD 160.

[0234] In other examples of IMD 16 (FIG. 2) and medical device 160 (FIG. 22),

the respective sleep stage detection module 59, 172 may be disposed in a separate

housing from IMD 16, medical device 160, respectively. In such examples, the

sleep stage detection module may communicate wirelessly with IMD 16 or medical

device 160, thereby eliminating the need for a lead or other elongated member that

couples the sleep stage detection module to IMD 16 or medical device 160.

[0235] The frequency ranges for the frequency bands described herein, such as the

theta, alpha, beta, and sigma bands, are merely examples. In other examples,

frequency bands may be defined by other frequency ranges.

[0236] In general, different therapy systems may require different algorithms for

controlling therapy delivery to patient 12 based on a determined sleep stage. For

example, processor 50 or another controller may automatically turn off therapy

delivery to patient during all sleep stages if a patient has essential tremor. In other

examples, such as with a patient with Parkinson's disease, processor 50 or another

controller may automatically activate therapy when the patient is awake or in one

of the Stage 1 or REM sleep stages, and deactivate therapy or decrease the

intensity when the patient is in the Stage 2 or Deep Sleep stages. Other control

algorithms are contemplated and may be specific to the patient or patient condition.

In addition, other sleep stages and sleep stage groups are contemplated and may be

selected based on the patient, patient condition or other factors.

[0237] An example of a logic diagram that may be used to detect the sleep stage of

a patient based on an EEG signal (one example of a biosignal) is described at FIG.

4 in commonly-assigned U.S. Patent Application Serial No. 2007/0123758 to

Miesel et al, entitled, "DETERMINATION OF SLEEP QUALITY FOR

NEURLOGICAL DISORDERS," which was filed on October 31, 2006.

[0238] In some examples, the devices, systems, and methods for determining

whether patient 12 is in an awake state or a sleep state, and determining a sleep



stage of a patient may be useful in the therapy systems described in commonly-

assigned U.S. Patent Application Serial No. to Wei et al (attorney docket no.

1023-727US01/P0029791.01), entitled, "THERAPY PROGRAM SELECTION,"

which was filed on the same date as the present disclosure, and U.S. Provisional

Patent Application No. 61/023,522 to Stone et al., entitled, "THERAPY

PROGRAM SELECTION," which was filed on January 25, 2008.

[0239] In some examples described by U.S. Patent Application Serial No. to

Wei et al (attorney docket no. 1023-727US01/P0029791.01) and U.S. Provisional

Patent Application No. 61/023,522 to Stone et al., therapy program for a patient

may be selected based on whether the patient is in a movement, sleep or speech

state. Many patient conditions, such as Parkinson's disease or other neurological

disorders, include impaired movement, sleep, and speech states, or combinations of

impairment at least two of the movement, sleep, and speech states. Different

therapy parameter values may provide efficacious therapy for the patient's

movement, sleep and speech states. A movement state may include a state in

which the patient is intending on moving, is attempting to initiate movement or has

initiated movement. A speech state may include a state in which the patient is

intending on speaking, is attempting to speak or has initiated speech. A sleep state

may include a state in which the patient is intending on sleeping, is attempting to

sleep or has initiated sleep. The techniques described herein may be useful for

controlling the therapy delivery during the sleep state, e.g., based on a sleep stage

of the patient during the sleep state.

[0240] Various embodiments of the described invention may be implemented

using one or more processors that are realized by one or more microprocessors,

ASIC, FPGA, or other equivalent integrated or discrete logic circuitry, alone or in

any combination. In some cases, the functions attributed to the one or more

processors described herein may be embodied as software, firmware, hardware or

any combination thereof. The processors may also utilize several different types of

storage methods to hold computer-readable instructions for the device operation

and data storage. These memory and storage media types may include a type of

hard disk, RAM, ROM, EEPROM, or flash memory, e.g. CompactFlash,



SmartMedia, or Secure Digital (SD). Each storage option may be chosen

depending on the example.

[0241] The disclosure also contemplates computer-readable media comprising

instructions to cause a processor to perform any of the functions described herein.

The computer-readable media may take the form of any volatile, non-volatile,

magnetic, optical, or electrical media, such as a RAM, ROM, NVRAM, EEPROM,

flash memory, or any other digital media. A programmer, such as clinician

programmer 22 or patient programmer 24, may also contain a more portable

removable memory type to enable easy data transfer or offline data analysis.



CLAIMS:

1. A system comprising:

means for receiving a biosignal that is indicative of activity within a brain

of a patient;

means for determining a frequency characteristic of the biosignal;

means for comparing the frequency characteristic of the biosignal to at least

one of a threshold value or template; and

means for determining a sleep stage of the patient based on the comparison

between the frequency characteristic of the biosignal and the at least one of the

threshold value or template, wherein the sleep stage occurs during a sleep state of

the patient, the sleep state comprising a plurality of sleep stages.

2 . The system of claim 1, wherein the biosignal comprises a local field

potential within the brain of the patient.

3 . The system of claim 2, wherein the local field potential comprises at least

one of an electroencephalogram (EEG) or an electrocorticogram (ECoG).

4 . The system of any of claims 1-3, wherein the frequency characteristic

comprises a power level of the biosignal within one or more frequency bands.

6 . The system of any of claims 1-3, wherein the frequency characteristic

comprises a ratio of power levels in two or more frequency bands of the biosignal.

7 . The system of claim 6, wherein the frequency characteristic comprises the

ratio of power levels in at least one of a beta frequency band and an alpha

frequency band of the biosignal, a sigma frequency band and a high beta frequency

band of the biosignal or a theta frequency band and an alpha beta frequency band

of the biosignal.



8. The system of any of claims 1-3, wherein the frequency characteristic

comprises a trend in a power level of the biosignal within one or more frequency

bands over time.

9 . The system of any of claims 1-8, wherein the means for determining the

sleep stage based on the frequency characteristic comprises means for determining

whether the patient is in one of a plurality of sleep stages that are associated with

the frequency characteristic.

10. The system of any of claims 1-9, further comprising means for controlling

therapy delivered to the patient during the sleep stage based on the determined

sleep stage.

11. The system of any of claims 1-10, further comprising means for

determining whether the patient is in the sleep state.

12. The system of any of claims 1-10, wherein the sleep stage comprises a first

sleep stage and the frequency characteristic comprises a first frequency

characteristic, the system further comprising:

means for determining a second frequency characteristic of the biosignal;

means for determining a second sleep stage of the patient based on the

second frequency characteristic of the biosignal; and

means for controlling therapy delivered to the patient during the second

sleep stage based on the determined second sleep stage.



13. The system of any of claims 1-10, further comprising:

means for determining a first sleep stage determination based on the

frequency characteristic of the biosignal;

means for receiving a physiological signal indicative of a physiological

parameter of the patient, wherein the physiological signal is different than the

biosignal; and

means for determining a second sleep stage determination based on the

physiological signal,

wherein the means for determining the sleep stage of the patient further

comprises means for determining the sleep stage based on the first and second

sleep stages determinations.

14. The system of any of claims 1-13, wherein the means for determining the

sleep stage of the patient comprises means for determining whether the patient is in

at least one of an awake state, a first sleep stage or a second sleep stage based on

the frequency characteristic of the biosignal, and the system further comprises

means for activating therapy delivery to the patient if the patient is in the awake

state or the first sleep stage and means for deactivating or decreasing an intensity

of therapy delivered to the patient if the patient is in the second sleep stage.

15. The system of claim 14, wherein the first sleep stage comprises at least one

of a Stage 1 or rapid eye movement sleep stage and the second sleep stage

comprises at least one of a Deep Sleep or Stage 2 sleep stage.
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