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POSTURE STATE RESPONSIVE THERAPY DELIVERY USING DWELL TIMES
BACKGROUND

A variety of types of medical devices are used for chronic, e.g., long-term,
provision of therapy to patients. As examples, pulse generators are used for provision of
cardiac pacing and neurostimulation therapies, and pumps are used for delivery of
therapeutic agents, such as drugs. Typically, such devices provide therapy continuously
or periodically according to parameters. For instance, a program comprising respective
values for each of a plurality of parameters may be specified by a clinician and used to
deliver the therapy.

It may be desirable in some circumstances to activate and/or modify the therapy
based on a patient state. For example, the symptoms such as the intensity of pain of
patients who receive spinal cord stimulation (SCS) therapy may vary over time based on
the activity level or posture of the patient, the specific activity undertaken by the patient,
or the like. It is desirable to be able to detect and classify the state of the patient
accurately so that this classification may be used to activate and/or select a therapy that

1s most efficacious for that state.

SUMMARY

According to the disclosure, posture classification may, in one embodiment, be
performed by first creating posture definitions that describe postures a patient may
assume. Once such definitions are created, signals obtained from a sensor that describe
the patient’s current posture may be compared with one or more other signal levels that
have been associated with the defined postures. If this comparison indicates that the
signals obtained from the sensor have a predetermined relationship to signal values
associated with a defined posture, the patient’s posture may be classified according to
that defined posture. Some action may then be initiated in response to this posture
classification. For instance, therapy may then be delivered to the patient using therapy
parameters that have previously been associated with the posture in which the patient is
currently being classified. Alternatively or additionally, some other action may be
taken, such as providing a notification (e.g., indicating a potential fall), initiating the

storing of data, and so on.
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In a similar manner, aspects of the current disclosure relate to classifying a
patient’s activity state, and then delivering therapy or performing some other action
based on that classification. A patient’s activity state relates to the motion or activity of
the patient. The activity state may describe, for example, an overall activity level (e.g.,
footfalls), an activity level in one or more selected directions, a vector associated with
velocity or acceleration of motion, and so on. To classify a patient’s activity state,
signals indicative of that activity state may be compared to signal values associated with
activity state definitions. Based on this comparison, therapy parameters may be selected
for use in delivering therapy to a patient. Alternatively or additionally, some other
action may be taken based on this comparison.

In the foregoing manner, a patient’s posture state may be classified, wherein the
posture state classification takes into account at least one of the classification of the
patient’s posture and the classification of the patient’s activity state. According to the
current disclosure, it may be desirable to ensure that a patient’s posture state
classification is stable before some action is taken in response to the classification. For
instance, after a patient is classified in a posture state P and before a change in therapy is
initiated in response to this classification, it may be desirable to require the expiration of
a time delay T. If the patient’s posture state does not remain classified as posture state P
during the duration of time T, the change to the therapy that has been associated with
this posture state will not be initiated. This time delay, which may be referred to as a
dwell time, is used to prevent posture states that are only temporarily assumed from
affecting therapy, or from initiating some other action. In other words, only those
posture states that are assumed by a patient for some required length of time will result
in the initiation of some action. The dwell time period may be programmable and/or
may be based on conditions monitored within the system.

Another type of stability technique that may be employed in a posture state
classification system involves that associated with episode detection. According to
episode detection, a level of a signal indicative of posture or activity is monitored. This
signal level must cross a transition threshold level that has been associated with the
episode. Once this crossing occurs, the signal level must not re-cross the transition

threshold level in an opposite direction for a length of time, referred to as a transition
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duration, which has been associated with the episode detection. If such a re-crossing
occurs, a change in the patient’s posture or activity state will not be recognized. As with
dwell times, the use of episode detection introduces stability into the system, since it
prevents recognition of activity state or posture changes that are only transitory, and
should not be used to initiate a response. This prevents multiple therapy changes from
being initiated in close succession in response to a posture state that is hovering near a
transition arca. In some embodiments, the transition duration and transition threshold
may be programmable, and/or may be automatically selected based on monitored
system conditions, which may involve a current posture and/or activity state.

According to another aspect, an M-of-N filter may be employed to ensure that
transitional posture state changes do not initiate an unwanted response. According to
this technique, a particular posture state must be detected during M of the last N sample
time periods before this posture state will be employed for use in classifying a patient’s
posture state. This type of filter reduces the chances that a transitory posture state will
be used to initiate an unwanted response. In some embodiments, the values for M and N
may be programmable, and/or may be automatically selected based on monitored
system conditions, which may involve a current posture and/or activity state.

One aspect of the disclosure relates to a system that includes a sensor that senses
at least one signal indicative of a posture state of a living body, and posture state
detection logic that classifies the living body as being in a posture state based on the at
least one signal. The posture state detection logic further determines whether the living
body is classified in the posture state for at least a predetermined period of time.
Response logic is described that initiates a response as a result of the body being
classified in the posture state only after the living body has maintained the classified
posture state for at least the predetermined period of time.

Another embodiment relates to a medical system to provide therapy to a living
body. The system includes a sensor, posture state detection logic receiving at least one
signal from the sensor and employing the at least one signal to classify a posture state of
the living body, and a therapy module. The therapy module controls the therapy
provided to the living body based on the classification. A programmer is provided to

program the posture state detection logic to determine whether, after the living body is
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classified in a posture state, the living body maintains the posture state for a
predetermined period of time, and if so, to provide an indication to allow the therapy
module to adjust the therapy in response to the posture state, and otherwise, to allow the
therapy to remain unchanged.

According to another aspect of the disclosure, a method is provided that includes
receiving at least one signal from a sensor, classifying a living body as being in any of
multiple defined posture states based on the at least one signal, and determining whether
the living body is classified in a same posture state for a predetermined period of time.
If the living body is classified in the same posture state for the predetermined period of
time, a response is initiated that is determined based on the posture state.

The details of one or more embodiments are set forth in the accompanying
drawings and the description below. Other features, objects, and advantages will be

apparent from the description and drawings, and from the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a conceptual diagram illustrating an example system that facilitates the
definition and classification of posture states according to the disclosure.

FIG. 2 is a block diagram illustrating one embodiment of an Implantable Medical
Device (IMD) in greater detail.

FIG. 3 is a block diagram illustrating an exemplary configuration of a memory of
an Implantable Medical Device (IMD) according to an embodiment of the disclosure.

FIG. 4A is a conceptual diagram illustrating defining and classifying postures
according to the current disclosure.

FIG. 4B is a conceptual graph illustrating defining and classifying activity states
according to the current disclosure.

FIG. 5 is a functional block diagram illustrating processing sensor signals
according to one embodiment of the disclosure.

FIG. 6 is a functional block diagram of posture state detection logic.

FIG. 7A is a timing diagram illustrating use of dwell times according to one

exemplary embodiment of the disclosure.
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FIG. 7B is a timing diagram illustrating use of dwell times according to another
exemplary embodiment of the disclosure.

FIG. 7C is a timing diagram illustrating use of dwell times according to yet
another exemplary embodiment of the disclosure.

FIG. 8 is an exemplary data structure that may be employed to associate posture
states with responses.

FIG. 9 is an exemplary data structure that may be employed to select dwell times
according to one embodiment of the disclosure.

FIG. 10 is a functional block diagram of one embodiment of dwell time logic.

FIG. 11A is an example user interface screen that may be employed to select
dwell times according to one embodiment.

FIG. 11B is another example user interface screen that may be employed to
select dwell times according to another embodiment.

FIG. 12 is a flow diagram according to one embodiment of the current
disclosure.

FIG. 13 is a timing diagram illustrating use of episode detection according to one
embodiment of the disclosure.

FIG. 14 is a flow diagram illustrating one embodiment of episode detection
according to the disclosure.

FIG. 15 is a timing diagram illustrating use of an M-of-N filter according to one
embodiment of the disclosure.

FIG. 16 is a flow diagram of an M-of-N filter according to one embodiment of

the disclosure.

DETAILED DESCRIPTION

Techniques described herein relate to using one or more signals from a sensor to
classify a patient’s posture and/or activity state. As used herein, “signal” refers to a
logical signal, as may be described by logic levels transmitted on one or more physical
connections of an interface in parallel or in series. For instance, a signal may be
described by voltage or current levels transmitted in parallel on a multi-line interface, or

in series on a single-line interface.
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According to the disclosure, posture classification may, in one embodiment, be
performed by first creating posture definitions that describe postures a patient may
assume. Once such definitions are created, signals obtained from a sensor that describe
the patient’s current posture may be compared with one or more other signal levels that
have been associated with the defined postures. If this comparison indicates that the
signals obtained from the sensor have a predetermined relationship to signal values
associated with a defined posture, the patient’s posture may be classified according to
that defined posture. Some action may then be initiated in response to this posture
classification. For instance, therapy may then be delivered to the patient using therapy
parameters that have previously been associated with the posture in which the patient is
currently being classified. Alternatively or additionally, some other action may be
taken, such as providing a notification (e.g., indicating a potential fall), initiating the
storing of data, and so on.

In a similar manner, aspects of the current disclosure relate to classifying a
patient’s activity state, and then delivering therapy or performing some other action
based on that classification. A patient’s activity state relates to the motion or activity of
the patient. The activity state may describe, for example, an overall activity level (e.g.,
footfalls), an activity level in one or more selected directions, a vector associated with
velocity or acceleration of motion, and so on. To classify a patient’s activity state,
signals indicative of that activity state may be compared to signal values associated with
activity state definitions. Based on this comparison, therapy parameters may be selected
for use in delivering therapy to a patient. Alternatively or additionally, some other
action may be taken based on this comparison.

Posture definitions and activity state definitions may each be described as being
a subset of a more general class of definitions referred to as posture state definitions. A
posture state definition may specify a posture, an activity state, or both. According to a
general approach, signals describing either a patient’s posture, activity state, or both,
may be compared to signal values included in posture state definitions. The patient’s
posture state may be classified based on this comparison so that therapy may be
delivered to a patient according to therapy parameter values associated with the

classified posture state definition. Alternatively, or additionally, some other type of
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action may be taken in response to this classification, such as providing a notification,
initiating recording of data, initiating a communication session with an external device,
and so on.

According to the current disclosure, it may be desirable to ensure that a patient’s
posture state classification is stable before some action is taken in response to the
classification. For instance, after a patient is classified in a posture state P and before a
change in therapy is initiated in response to this classification, it may be desirable to
require the expiration of a time delay T. If the patient’s posture state does not remain
classified as posture state P during the duration of time T, the change to the therapy that
has been associated with this posture state will not be initiated. This time delay, which
may be referred to as a dwell time, is used to prevent posture states that are only
temporarily assumed from affecting therapy, or from initiating some other action. In
other words, only those posture states that are assumed by a patient for some required
length of time will result in the initiation of some action. The dwell time period may be
programmable and/or may be based on conditions monitored within the system.

Another type of stability technique that may be employed in a posture state
classification system involves that associated with episode detection. According to
episode detection, a level of a signal indicative of posture or activity is monitored. This
signal level must cross a transition threshold level that has been associated with the
episode. Once this crossing occurs, the signal level must not re-cross the transition
threshold level in an opposite direction for a length of time, referred to as a transition
duration, which has been associated with the episode detection. If such a re-crossing
occurs, a change in the patient’s posture or activity state will not be recognized. As with
dwell times, the use of episode detection introduces stability into the system, since it
prevents recognition of activity state or posture changes that are only transitory, and
should not be used to initiate a response. This prevents multiple therapy changes from
being initiated in close succession in response to a posture state that is hovering near a
transition arca. In some embodiments, the transition duration and transition threshold
may be programmable, and/or may be automatically selected based on monitored

system conditions, which may involve a current posture and/or activity state.
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According to another aspect, an M-of-N filter may be employed to ensure that
transitional posture state changes do not initiate an unwanted response. According to
this technique, a particular posture state must be detected during M of the last N sample
time periods before this posture state will be employed for use in classifying a patient’s
posture state. This type of filter reduces the chances that a transitory posture state will
be used to initiate an unwanted response. In some embodiments, the values for M and N
may be programmable, and/or may be automatically selected based on monitored
system conditions, which may involve a current posture and/or activity state.

Examples of therapies that may be delivered in a closed-loop manner according
to the present disclosure include electrical stimulation or the delivery of therapeutic
agents. Electrical stimulation may be, for example, used to treat patients that suffer
from chronic back pain, leg pain, or other pain that cannot be treated through other
methods. As a patient changes posture state, which may involve changes in position
and/or activity level, the stimulation may need to be adjusted in order to maintain
efficacy. Such changes in a patient’s posture state may be detected, classified, and used
to modify a therapy that is currently being delivered, or select a new therapy for delivery
to the patient. Other types of therapies, such as drug delivery therapy, may be modified
in a similar manner in response to detected posture state transitions. In another
embodiment, the detected posture state transitions may be used to prompt some
notification, or to record some information.

According to some embodiments of the disclosure, a patient’s posture state is
sensed using signals obtained from a sensor. This sensor may be housed within an
implantable medical device (IMD), or may be communicatively or otherwise coupled to
the IMD. The sensor may be a three-axis accelerometer such as a piezoelectric and/or
micro-electro-mechanical (MEMs) accelerometer. The sensed signals may be used to
classify a posture state that is then employed to determine a therapy adjustment.

FIG. 1 is a conceptual diagram illustrating an example system 10 that facilitates
the definition and classification of posture states according to the disclosure. These
posture states may then be utilized to deliver therapy to a patient. In the illustrated
example, system 10 includes an IMD 12, which is implanted within a patient 14, and

delivers neurostimulation therapy to patient 14.
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IMD 12 delivers neurostimulation therapy to patient 14 via therapy connections
16A and 16B (collectively “therapy connections 16”), which may be leads, catheters, or
some other type of therapy delivery device. Therapy connections 16 may, as shown in
FIG. 1, be leads implanted proximate to the spinal cord 18 of patient 14, and IMD 12
may deliver SCS therapy to patient 14 in order to, for example, reduce pain experienced
by patient 14. In another embodiment, such stimulation may be delivered to arcas
around the spine to provide cardioprotection related to detection of onset of ischemia.
In still another embodiment, such stimulation may be provided in relation to heart
failure. In yet another scenario, one or more leads may extend from IMD 12 to the brain
(not shown) of patient 14, and IMD 12 may deliver deep brain stimulation (DBS)
therapy to patient 14 to, for example, treat tremor, Parkinson’s disease, or epilepsy. As
further examples, one or more leads may be implanted proximate to the pelvic nerves,
stomach, or other organs (not shown) and IMD 12 may deliver neurostimulation therapy
to treat incontinence, gastroparesis, sexual dysfunction or other disorders. In another
embodiment, IMD 12 may be a device other than a neurostimulator, such as a cardiac
therapy device to deliver stimulation to the heart.

Further, as discussed above, the disclosure is not limited to embodiments in
which IMD 12 delivers stimulation therapy. For example, in some embodiments, IMD
12 may additionally or alternatively be coupled to one or more catheters or other
substance delivery devices to deliver one or more therapeutic substances to patient 14,
e.g., one or more drugs. Also, in some aspects, techniques for evaluating postures and
activity states as described herein may be applied to IMDs that are generally dedicated
to sensing or monitoring and do not include stimulation or other therapy components.

Additionally, this disclosure is not limited to implanted devices. Any
implantable or external medical device may classify posture states for use in delivering
therapy according to the techniques described herein. Moreover, these techniques may
also be used for purposes other than delivering therapy. For instance, the posture state
detection mechanisms described herein may be used for diagnostic purposes, such
diagnosing a need for therapy, or determining how a patient is responding to existing
therapy. Posture state detection may also be used to provide notifications, such as

providing notification via a wireless link to a care giver that a patient has potentially

9



10

15

20

25

30

WO 2010/005809 PCT/US2009/048852

experienced a fall. Thus, posture definition and classification according to the current
disclosure may be used to initiate many types of actions.

In exemplary embodiments, IMD 12 may initiate actions in response to
information within a record. For instance, a plurality of records may be stored in a table
or another data structure. Each such record may describe at least one posture state and
an associated action that is to be taken in response to detection of this posture state. As
discussed above, a posture state is determined based on at least one of a posture and an
activity state. When IMD 12 detects that a patient is in some predefined posture state,
IMD 12 may automatically initiate the associated action for that posture state. This
action may involve delivery of therapy according to a particular program, group of
programs and/or a set of parameters. This action may alternatively or additionally
involve providing some notification, initiating a communication session with an internal
or external device, and/or recording some information. Other types of responses are
possible.

In the illustrated example, system 10 also includes a programming device 20,
which may, as shown in FIG. 1, be a handheld computing device. Programming device
20 allows a user such as a patient or a clinician to interact with IMD 12. Programming
device 20 may, for example, communicate via wireless communication with IMD 12
using radio-frequency (RF) telemetry techniques, or any other techniques known in the
art.

Programming device 20 may, as shown in FIG. 1, include a display 22 and a
keypad 24 to allow the user to interact with programming device 20. In some
embodiments, display 22 may be a touch screen display, and the user may interact with
programming device 20 via display 22. The user may also interact with programming
device 20 using peripheral pointing devices, such as a stylus or mouse. Keypad 24 may
take the form of an alphanumeric keypad or a reduced set of keys associated with
particular functions. In some embodiments, keypad 24 may include an increase
amplitude button and a decrease amplitude button to directly adjust stimulation
amplitude.

In exemplary embodiments, programming device 20 is a clinician programmer

used by a clinician to define postures and posture states according to the current
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disclosure. The defined postures may then be used to detect postures, activity states,
and posture states that are assumed by the patient during daily life. The detected
conditions may be used to determine a type of therapy to provide to the patient, to
monitor general well-being of the patient, to prescribe new therapies for the patient, to
determine whether the patient has undergone a posture-specific event such as suffering a
fall and/or to initiate other types of actions.

FIG 2 is a block diagram illustrating one embodiment of IMD 12 in greater
detail. IMD 12 may deliver neurostimulation therapy via therapy connections 16A and
16B. These therapy connections are shown to be leads having one or more electrodes
30A-H (collectively “electrodes 30”). They may alternatively include some other
devices, such as one or more catheters for delivering a substance to a patient. IMD 12
may be coupled to any number of therapy connections. Therapy connections 16A and
16B are coupled to IMD 12 via therapy module 32. This may be a stimulation pulse
generator, for example. Such a pulse generator may be coupled to a power source such
as a battery. Therapy module 32 may deliver electrical pulses to patient 14 and/or may
deliver some type of substance, such as a drug.

Therapy delivery may occur under the control of a processor 34. Processor 34
may comprise a microprocessor, a controller, a digital signal processor (DSP), an
application specific integrated circuit (ASIC), a field-programmable gate array (FPGA),
discrete logic circuitry, or any combination thereof.

Processor 34 may control therapy module 32 to deliver neurostimulation or other
therapy according to a selected program. For instance, processor 34 may control
therapy module 32 to deliver electrical pulses with amplitudes, widths, and/or at rates
specified by the program. Processor 34 may also control therapy module 32 to deliver
such pulses via a selected subset of electrodes 30 with selected polarities, e.g., a selected
electrode configuration, as specified by the program.

IMD 12 also includes a telemetry circuit 38 that allows processor 34 to
communicate with programming device 20. For example, a clinician may select
programs, parameters, posture definitions, activity state definitions, other posture state
definitions, and associated therapies and actions that are to be transferred to memory 36

of IMD 12. Processor 34 also communicates with programming device 20 to provide
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diagnostic information stored in memory 36 to a clinician via telemetry circuit 38.
Processor 34 may also communicate with a patient programming device to receive
therapy parameter adjustments or other therapy adjustments from a user such as patient
14, as well as commands to initiate or terminate stimulation. Telemetry circuit 38 may
correspond to any telemetry circuit known in the implantable medical device arts.

IMD 12 further includes a sensor 40 to sense one or more parameters used to
detect a posture state. In exemplary embodiments, sensor 40 includes a three-axis
accelerometer, such as a piezoelectric and/or MEMs accelerometer. In other
embodiments, multiple single or multi-axis accelerometers may be employed in place of
one three-axis accelerometer. In yet other examples, sensor 40 may include gyroscopes
or other sensors capable of sensing posture and/or activity levels. Thus, it will be
understood that sensor 40 may comprise more than one sensor.

In exemplary embodiments, sensor 40 is located within a housing (not shown) of
IMD 12. However, the disclosure is not so limited. In some embodiments, sensor 40 is
coupled to IMD 12 via one or more additional connections such as leads (not shown).
The sensor may be located anywhere within patient 14. In some embodiments, IMD 12
may be coupled to multiple sensors located at various positions within patient 14 or on
the external surface of patient 14, and processor 34 may receive more detailed
information about the posture of, and activity undertaken by, patient 14. For example,
one or more accelerometers may be located within/on the torso and at a position
within/on a limb, e.g. a leg, of patient 14. In yet other embodiments, these one or more
sensors may communicate wirelessly with IMD 12 instead of requiring one or more
leads to communicate with the IMD. For example, sensor 40 may be located external to
patient 12 and may communicate wirelessly with processor 34, ecither directly or via
programming device 20.

As previously mentioned, sensor 40 senses one or more parameters that are used
to detect and classify a posture state. A posture state is based on at least one of a
posture and an activity state of a patient, where the activity state describes motion or
activity of the patient. The activity state may relate to an overall activity level, an
activity level in one or more selected directions, a vector associated with velocity or

acceleration, and so on.
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As an example, an Upright posture state may be defined to classify the position
of a patient who is standing. This posture state definition need not take into account the
patient’s activity state, if desired. As another example, an Upright and Active posture
state may be defined to describe a patient who is standing and who has undertaken an
activity level that exceeds some predetermined threshold level. As yet another
illustration, an Active posture state may be defined to describe a patient who exceeds
some level of activity without regard to the posture that patient assumes during this
activity. In this manner, sensor 40 may be used to detect a posture state associated with
various types of postures and/or activity states.

IMD 12 also includes a memory 36, which may store programmed instructions
that, when executed by processor 34, cause IMD 12 to perform the functions ascribed to
IMD 12 herein. Memory 36 may include any volatile, non-volatile, magnetic, optical,
or electrical media, such as a random access memory (RAM), read-only memory
(ROM), non-volatile RAM (NVRAM), -eclectrically-erasable programmable ROM
(EEPROM), flash memory, and the like.

FIG. 2 may further include control logic 41. This control logic is provided in
one embodiment to obtain and process the analog output of sensor 40. Control logic 41
may include discrete components, a microprocessor, a controller, a digital signal
processor (DSP), an application-specific integrated circuit (ASIC), a field-
programmable gate array (FPGA), programmed instructions executable by one or more
processors, or the like. Control logic 41 may operate alone, or in conjunction with
processor 34, to process the sensor output for use in detecting a posture state. As an
example, control logic 41 may process the raw signals provided by sensor 40 to
determine activity counts indicative of activity level, velocity along one or more
accelerometer axis, and so on, for use in detecting a posture state. As previously
indicated, at least some of this processing may be carried out by processor 34 under
control of programs stored within memory 36. Thus, control logic 41 may comprise any
combination of hardware and/or programmed instructions.

FIG. 3 is a block diagram illustrating an exemplary configuration of memory 36
of IMD 12. As illustrated in FIG. 3, memory 36 stores programs 50, one or more of

which processor 34 may employ to control therapy that is delivered to the patient. Some
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of programs 50 may be provided to take actions in response to classification of a
patient’s posture state. Programs 50 may also include those for controlling various
aspects of processing signals of sensor 40 according to techniques described herein.

Memory 36 further stores posture definitions 52a and activity state definitions
52b, each of which is a subset of posture state definitions 52. In particular, a posture
definition is a posture state definition that is defined only in terms of a patient’s posture
without regard to activity. An activity state definition is a posture state definition that is
defined only in terms of a patient’s activity without regard to posture. Other types of
posture state definitions are defined in terms of both activity and posture.

A record of the posture states that have been assumed by the patient over time
may be recorded in a posture state history file 54. In conjunction with this history file,
information concerning the patient’s current posture state may be maintained as current
posture state data 55. This data may record, for instance, the patient’s current posture,
current activity state, or both.

Memory 36 may also store diagnostic information 56 for use in determining how
a patient is responding to therapy, whether therapy modification is needed, whether
therapy is to be initiated, and so on.

In one embodiment, system control parameters 58 may also be stored in memory
36. These parameters may be used to control, among other things, how signals from
sensor 40 should be obtained and processed to classify a patient’s posture state. These
system control parameters 58 may, in one embodiment, be selected based on current
posture state data 55. For instance, the parameters in use at a given time may be
selected based on the posture state in which the patient was most recently classified.

According to the current disclosure, system control parameters 58 may store one
or more dwell times, which are delay times imposed between the time a patient is
classified in a posture state, and the time an action is taken in response to this detected
posture state. If the patient exits this posture state at any time throughout the dwell
time, the one or more actions associated with this posture state will not be initiated.
This use of a dwell time introduces stability into the system, since temporarily assumed

activity states do not result in the initiation of any action.
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In one embodiment, dwell times may be programmable. Moreover, a dwell time
that is in use within the system may be automatically selected based on the newly-
assumed posture state that triggered the use of the dwell time, the patient’s most-recent
stable posture (which, in one embodiment, may be identified by current posture state
data 55), the specific transition from the most-recent stable posture state to the newly-
assumed posture state, or some other condition that is sensed within the system. This
will be discussed below.

Values that control M-of-N filter processing may likewise be stored as system
control parameters 58. These values may include one or more values to be used as M
and/or N. Likewise, values that control episode detection, including transition durations
and transition thresholds, may be stored as system control parameters 58. Any or all of
these values may be programmable. Moreover, the values in use at any given time may
be automatically selected in the manner described above with respect to dwell times.

FIG. 4A is a conceptual diagram illustrating one exemplary method of defining
and classifying postures using sensor 40. Sensor 40 (not shown) is disposed in a fixed
manner relative to patient 14. When patient 14 is known to be standing upright, sensor
40 will provide outputs that can be processed to obtain a vector [V, V,, V3] which is
shown as Vy, 60. This vector Vi, may be referred to as a defined posture vector, since
it will be associated with a defined posture during a posture definition process, as by
storing some indication of the Upright posture along with one or more values
identifying this defined posture vector Viy,. A tolerance may also be selected for this
defined posture that describes a distance relationship to vector Vi, 60. In the current
example, the tolerance is an angle 8y, 62 which may identify a maximum distance from
vector Vyp In any direction, as illustrated by cone 64. The vector Vy, 60, which may be
referred to as a defined posture vector, as well as the selected tolerance, which in this
case 1s angle Oy, 62, may be stored (e.g., in memory 36) in association with an indicator
identifying the Upright posture. This information may be stored as one of posture
definitions 52a, for instance.

Once created in the foregoing manner, the definition for the Upright posture may
be used to classify a patient’s posture as follows. As the patient goes about daily life,

one or more signals from sensor 40 may be acquired and optionally processed. Such
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processing may, for example, retain DC portions of the sensor signals for use in
classifying a patient’s posture. These signals may then be used to obtain a vector
describing the patient’s current posture. Such a vector may be referred to as a detected
posture vector V.. This detected posture vector may be compared to defined posture
vectors of posture definitions. For instance, this detected posture vector V, that
describes the patient’s current posture may be compared to defined posture vector Vyy,
for an Upright posture.

If a comparison between a detected posture vector Vy; and a defined posture
vector indicates that the detected posture vector satisfies the tolerance relationship
indicated by the definition for the Upright posture, the patient will be considered to be in
the Upright posture. For instance, in this case, if it is determined that the detected
posture vector Vo, lies within the cone 64 for the Upright posture as determined by the
selected tolerance angle of Oy, 62, the patient is classified as being in the Upright
posture. This determination may be made using angles, similarity metrics that may
include trigonometric relationships (e.g., sine, cosine), other similarity metrics that
involve other distance relationship such as city-block distances, and so on. According to
this example, the patient may be leaning slightly forward, backward, or to either side of,
vector Vi, while still being categorized as being in the Upright posture so long as the
detected posture vector lies within cone 64 defined by angle 6, 62.

In the specific examples of FIG. 4A, the patient is classified as being in a posture
if the detected posture vector Vyy lies within an associated cone. In other examples, a
patient may be classified as being in a posture if it is determined that a detected posture
vector Vo, lies outside of a cone that surrounds a defined posture vector. As previously
described, these determinations may utilize angle comparisons, or similarity metrics
involving trigonometric functions (e.g., sine, cosine), other distance relationship
comparisons, and so on.

In a similar manner, other posture vectors may be defined. For instance, a vector
V1,66 may be defined that will be used to determine a Left Side posture in which the
patient 14 will be classified when he is lying on his left side. In a manner similar to that
described above, a tolerance is defined for this vector that involves an angle 0; 68. This

angle may be used to describe a cone 70 defining a maximum distance from Vi, 66.
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When a detected posture vector lies within this posture cone 70, the patient 14 will be
classified as lying on his left side.

In the foregoing manner, any one or more defined posture vectors may be
selected for use in creating a posture definition. The posture definitions may each be
associated with defined posture vectors that need not be in any particular plane or have
in any relationship to any other posture vector.

As previously discussed, in one embodiment, posture definitions may be created
using patient participation. For instance, a patient may be requested to assume a
posture, such as lying on his left side. While this posture is maintained, signals from
sensor 40 may be obtained and processed in a certain manner. The resulting signal
levels may be stored as a vector that is associated with a selected one of the posture
definitions 52a, such as Left Side. The capture and storing of signals in this manner
may be initiated by a user such as a clinician who is employing a user interface of
programmer 20 (FIG. 1), for instance. The user may further employ programmer 20 to
select a tolerance. For instance, this tolerance may indicate the size of 6r, as well as
specify that the detected posture vector must lie within the cone defined by the angle in
order for the patient to be classified in this posture. In this manner, patient participation
may be used to create a posture definition.

In other embodiments, one or more posture definitions may be pre-defined and
pre-stored within an IMD or another device without use of patient participation. For
instance, a device manufacturer or a clinician may create these definitions by selecting a
vector and tolerance without the aid of the patient. These selected values may then be
associated with a posture definition.

As may be appreciated, posture in which a patient will be classified will change
as the patient goes about daily life. For instance, when a patient is in an upright position
such that the detected posture vector Vy,; 71 lies within cone 64 associated with the
Upright posture, the patient’s posture will be classified as being in the Upright posture.
If the patient transitions from the upright position to lying on his left side, the detected
posture vector Vy,; 71 will transition from being located within cone 64 into the space
that is not associated with any posture state definition. From there, the detected posture

vector Vy 71 will transition into cone 70 associated with the Left Side posture.
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According to the current example, the patient may be receiving some therapy
associated with the Upright posture while the detected posture vector Vi 71 resides
within cone 64. This therapy may optionally continue as detected posture vector Vi
enters the space that is not associated with any defined postures or some other therapy
may be delivered during this time. In one embodiment, some change in therapy may be
initiated as the detected posture vector Vy; 71 enters cone 70 associated with the Left
Side posture. Thus, a change in therapy may be initiated as the patient’s posture is re-
classified. Alternatively or additionally, some other action may be taken as a result of
this posture re-classification.

As previously discussed, a dwell time may be imposed between the time the
patient’s posture state is re-classified and the time a response is initiated as a result of
this re-classification. This dwell time may, if desired, be programmable. In one
embodiment, the dwell time may be sclected based on the patient’s previous posture
classification (in this example, the Upright posture classification). In another
embodiment, the dwell time may be selected based on the newly-assumed posture (in
this example, the Left Side posture). In yet another embodiment, this dwell time may be
selected based on the particular posture transition (e.g., Upright to Left Side) that was
experienced by the patient. According to another aspect, the dwell times may further be
specific to a particular type of response or action that is to be initiated. Other conditions
may be used to select the dwell time, as will be discussed below.

This use of dwell time stabilizes the system by ensuring that temporarily-
assumed posture states do not initiate a response. Thus, if the detected posture is only
transitory, as may be the case if a patient is transitioning to a final posture by assuming
one or more temporarily postures, the temporarily-assumed postures will not cause
delivered therapy to be adjusted in an unwanted manner. Moreover, if the patient aborts
the posture transition, as by changing his or her mind mid-way through a transition, the
aborted transition likewise will not prompt a therapy change.

If desired, a dwell time may be selected that is specific to a particular response.
As an example, upon entry of the Left Side posture, more than one response may be
initiated. One such response may involve alteration of a therapy parameter (e.g.,

increase or decrease of an amplitude involving delivery of stimulation therapy).
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Another response may involve initiation of a different therapy (e.g., initiation of
administration of a therapeutic substance to the patient). Yet another response may
involve providing some type of notification to an external device such as a patient or
clinician programmer, or a notification to the patient himself, as by the IMD generating
a tone, vibration, or stimulation pattern that may be perceived by the patient. In one
embodiment, for each such response that is to occur as a result of the newly-detected
posture, a different dwell time may be imposed. Thus, dwell times may, if desired, be
response-specific.

As is the case with dwell times, use of episode detection and/or of an M-of-N
filter may be employed to introduce stability into the system, and prevent temporarily-
assumed postures from resulting in the initiation of unwanted actions. This is discussed
further below.

The foregoing provides some examples of how one or more signals from sensor
40 may be obtained and used as a detected posture vector Vi to classify a patient’s
posture and initiate some response. In a similar manner, signals from a sensor 40 may
be used to classify a patient’s activity state. This activity state may be used alone or in
conjunction with a detected posture to initiate some response.

FIG. 4B is a conceptual graph of how signals from sensor 40 are used to classify
a patient’s activity state. According to this example, assume signals of sensor 40 may be
processed to obtain an activity count that is indicative of an overall activity level of the
patient. Specific processing steps used to obtain an activity count are largely beyond the
scope of the current disclosure.

Next, assume for exemplary purposes that processing of the sensor signals yields
an activity count that will range between 0 and 100, as shown along the Y axis of the
graph. This activity level range may be referenced in activity state definitions, as by
associating certain subsets of this range with defined activity states. For instance, an
activity level of between 0 — 40 may be associated with an activity state definition of
Inactive. Similarly, an activity level of between 40 and 80 may be associated with an
activity state definition of Moderate Activity, and level between 80 and 100 may be
associated with an activity state definition of High Activity. These may be stored as

activity state definitions 52b (FIG. 3), for instance.
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Activity state definitions 52b may be created using patient participation, as was
described above in reference to creation of posture definitions 52a. For instance, a
patient may be requested to undergo a specific activity, which may involve motion or
lack thereof. While this activity is occurring, signals from sensor 40 may be obtained
and processed in a predetermined manner. The resulting signal levels and/or associated
signal level ranges may be stored in association with one of activity state definition 52b.
The capture and storing of signals in this manner may be initiated by a user such as a
clinician who is using programmer 20 (FIG. 1), for instance. In another example, activity
state definitions may be pre-defined by a device manufacturer, or may be defined by a
clinician or some other user without employing patient participation.

Once activity state definitions are created in any of the foregoing ways, the
definitions may be used to classify a patient’s activity state. For instance, as a patient
goes about daily life, signals from sensor 40 may be obtained and compared to the
signal levels stored within the activity state definitions. As a specific example, assume
signals from sensor 40 are obtained and processed to provide an activity count of the
type described above that describes a current activity of the patient. Assume further that
in this example, the activity count detected from the patient is a value that lies within the
range associated with the activity state definition of Inactive, as is the case for the
activity signal 80 shown at time TO in the diagram of FIG. 4B. Therefore, at this time,
the patient will be classified as being in an activity state of Inactive. As a result of this
classification, therapy that has been associated with this activity state may be delivered
to the patient, and/or some other action may be initiated.

Next, assume the patient becomes more active such that the activity count trends
upward towards 40. At time T1, the activity count obtained from the signals of sensor
40 crosses the boundary into the range associated with the definition for Moderate
Activity. Therefore, the patient may at this time be classified as being in the activity
state of Moderate Activity. As a result, a change in therapy may be initiated that
corresponds with this increased activity level and/or some other action may be taken.

The patient’s activity level may continue to trend upward, as shown in the
example, until the patient’s activity state is once again re-classified. This time, the

patient is re-classified as being in the activity state of High Activity, as occurs at time
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T2. Again, some action may be initiated as a result of the reclassification. For instance,
a therapy level (e.g., stimulation amplitude) may be increased to a level previously
associated with the activity state of High Activity.

The example of FIG. 4B illustrates how an activity state that describes an overall
patient activity level is used to classify the patient. Other types of activity state
definitions may be created and used to classify the patient’s posture state. For instance,
some definitions may be defined that include a directional component, which may be
expressed as one or more vectors. Such a vector may indicate a direction of
acceleration, a direction of velocity, or some other direction associated with motion. As
in the case described above, these one or more vectors may be stored in an activity state
definition and thereafter compared to a vector obtained from a patient who is performing
some activity. This comparison may be used to classify a patient’s motion. For
instance, a comparison of vectors may occur in a manner similar to that described above
in reference to FIG. 4A, wherein a patient’s posture is classified using posture
definitions that include vectors.

As previously described, after a patient is classified in a particular activity state,
some action may be taken in response to this classification. Some an action may include
a therapy adjustment, issuance of a notification, the establishment of a communication
session, the storing of data, or any other action. According with the current disclosure,
the initiation of the action that is taken may be delayed based on a dwell time. That is,
once the re-classification occurs, the patient must remain in this new activity state for
the dwell time before the associated action is taken. If the patient exits this activity state
before the dwell time elapses, the action will not be taken. This use of a dwell time
introduces stability into the system, since temporarily assumed activity states do not
result in the initiation of actions.

As was the case with dwell times associated with posture classifications, dwell
times may be based on a most-recent stable activity state, the newly-assumed activity
state, the transition between these two activity states, or some other condition. The
dwell times may further be specific to a particular type of response. This is discussed

further below.
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As previously described, posture definitions and activity state definitions are
cach sub-classes, or sub-sets, of posture state definitions. A posture state definition may
reference a posture, an activity state, or both. As an example, an Upright and Active
posture state definition may be created that takes into account activity state (i.e., Active)
and posture (i.c., Upright).

A posture state definition that takes into account both posture and activity state
may be used in a manner similar to such definitions that take into account only one of
posture and activity state. That is, signals from sensor 40 may be obtained and/or
processed, and then compared to such posture state definitions to classify the patient’s
posture state. If the signals meet the requirements of the posture state definition, the
patient may be classified in this posture state, and one or more actions may be taken in
response to this classification. According to this disclosure, the initiation of such
actions may be delayed based on a dwell time. In particular, a dwell time may be
imposed between the time the re-classification occurs and the time the action is initiated.
The action will not be initiated unless the patient does not exit the posture state for the
duration of the dwell time.

FIG. 5 is a functional block diagram illustrating how signals from sensor 40 may
be processed according to one embodiment of the disclosure. The signals from sensor
40 are provided to control logic 41 (shown dashed). This control logic embodies the
functions that provide control for the system, and may be implemented in hardware,
programmed instructions (as may be executed by processor 34 or another processor), or
any combination therefore. This logic is shown to include various sub-functions, such
as activity detection logic 100, posture detection logic 104, and posture state detection
logic 108.

Signals from sensor 40 are provided to control logic 41 on interface 98. As
previously discussed, for purposes of this description, sensor 40 is assumed to be a
three-axis accelerometer that provides x-, y-, and z-axis signals. These signals are
provided to activity detection logic 100 for use in deriving activity signals 102 that will
be used to classify the patient’s activity state. The way activity detection logic 100
processes signals of sensor 40 to generate the activity signals on interface 102 is largely

beyond the scope of the current disclosure.
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In a like manner, signals from sensor 40 may be provided to posture detection
logic 104 for deriving detected posture signals 106 that will be used to classify the
patient’s posture. For instance, a detected posture vector may be indicated on interface
106 for use in classifying a patient’s posture in the manner described above. The way
posture detection logic 104 processes signals of sensor 40 to generate the posture signals
on interface 106 is largely beyond the scope of the current disclosure.

The detected activity signals 102 generated by activity detection logic 100 and
the detected posture vector signals 106 generated by posture detection logic 104 are
provided to posture state detection logic 108 for use in classifying a patient’s posture
state. Posture state classification may be accomplished by comparing these obtained
signals to posture state definitions 52 in a manner described above.

Posture state detection logic 108 may provide an indication of the patient’s
current posture state classification to response logic 110. This classification may be
expressed as a binary or a master-bitted code that identifies the patient’s posture state,
which is based on at least one of the patient’s posture classification and/or activity state
classification.

As a result of the posture state classification received from posture state
detection logic 108, response logic 110 may initiate one or more responses. For
instance, response logic 110 may cause therapy module 32 to modify, begin, or stop the
delivery of therapy. Response logic 110 may additionally or alternatively cause storing
of data. For instance, response logic 110 may provide a signal to a storage device such
as memory 36 to cause the updating of current posture state data 55 with the new
posture state classification and/or to cause posture state history file 54 to be updated
with to reflect the new posture state. Response logic may additionally or alternatively
prompt notification logic 112 to generate a notification. As yet another example,
response logic 110 may cause some type of communication session to be initiated, as via
telemetry module 38.

In one embodiment, posture state detection logic 108 includes logic to impose a
dwell time between the time a patient is classified in a posture state and the time some

response is initiated as a result of the classification. This is discussed below.
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The logic of FIG. 5 may be implemented in any combination of hardware
(including discrete components, one or more processors, or any other type of circuitry),
programmed instructions, or a combination of hardware and programmed instructions.
Moreover, the manner in which the logic is partitioned in FIG. 5 is largely arbitrary, and
is selected to aid in the discussion of the functionality. However, partitioning may occur
in other ways. For instance, all of the logic of FIG. 5 may be combined into a single
logic block. As another example, activity detection logic 100 and posture detection
logic 104 may be combined. Many such combinations may be contemplated.
Moreover, the interfaces between logic blocks may be implemented in many ways, and
do not necessarily represent hardware interfaces. For instance, one or more of the logic
blocks of FIG. 6 need not be physically connected to the logic blocks with which they
share interfaces. Instead, such logic blocks may be logically connected, as by processor
34 transferring information between logical functions, or multiple software processes
sharing information via shared locations in memory 36, for instance. Thus, the
interfaces should be understood to represent flow of signals, control and/or data, and are
not intended to limit the disclosure to any particular interconnect configuration. In sum,
FIG 5 should not be interpreted as limiting the disclosure to any specific
implementation, interconnection, or partitioning of the logic, as many embodiments may
be contemplated by those skilled in the art.

FIG. 6 is a functional block diagram of posture state detection logic 108. Posture
state detection logic 108 receives at least one activity signal on interface 102 from
activity detection logic 100. For purposes of this discussion, it will be assumed this is a
signal indicative of overall activity level, as was described above in reference to FIG.
4B. However, other one or more signals may be received from activity detection logic
100, such as signals indicating a vector providing a direction of velocity or acceleration,
signals indicating activity in one or two specified directions, and so on.

Posture state detection logic 108 further receives one or more posture signals on
interface 106 from posture detection logic 104. In one embodiment, this is a vector that
is indicative of the patient’s posture, as was described in reference to FIG. 4A. The
patient’s posture state is classified based on the received activity and/or posture signals,

which are compared to the posture state definitions 52. In another embodiment, posture
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state detection logic 108 may receive only activity signals on interface 102 or only
posture signals on interface 106 for use in classifying a patient’s posture state, rather
than both types of signals.

The posture signals received on interface 106 from posture detection logic 104
are provided to posture classifier 200. In the current example, these signals identify a
detected posture vector Vy in three-dimensional space. Posture classifier 200 compares
this detected posture vector to each of the posture definitions 52a, which are a sub-set of
posture state definitions 52. Recall that in one embodiment, each such posture
definition 52a may include a defined posture vector and an associated tolerance that
specifies a relationship with the defined posture vector. Posture classifier 200
determines whether the detected posture vector on interface 106 has the relationship
with any of the defined posture vectors that is specified by the corresponding tolerance
for the defined postures. Many mechanisms are available for making this determination,
which is largely beyond the scope of this disclosure.

If the comparison between the signals (e.g., detected posture vector Vi) on
interface 106 and the posture definitions 52a results in a favorable comparison, an
indication of the defined posture for this definition is provided by posture classifier 200.
If no such match occurs, a code indicative of an Unclassified posture may instead by
provided by the posture classifier 200 to indicate the detected posture vector is not
associated with any of the posture definitions 52a. For instance, this may occur in the
example of FIG. 4A if the detected posture vector Vi, 71 is outside of both cones 64 and
70.

In one embodiment, the posture classification provided by posture classifier 200
is forwarded to M-of-N filter 202. M-of-N filter 202 determines whether M of the N
most-recent posture classifications for the patient was a same classification. If so, an
indication of this “M-of-N posture” is provided to posture state classifier 204 on
interface 206. If M of the most recent N postures is not a same posture or has been
indicated as being Unclassified, M-of-N filter 202 may, in one embodiment, continue to
provide an indication of the M-of-N posture that was most recently detected by the M-
of-N filter. In another embodiment, M-of-N filter may merely provide an indication that

no M-of-N posture was detected. Use of the M-of-N filter is described further below.
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As previously discussed, in addition to the posture signals received on interface
106, posture state detection logic 108 may additionally or alternatively receive one or
more activity signals on interface 102. These signals may be forwarded to episode
detector 208.

Episode detector 208 includes an activity classifier 207 that compares the
received signals to each of the activity state definitions 52b to classify the patient’s
activity. This may be accomplished in the manner discussed above in reference to FIG.
4B, for instance. Episode detector 208 further determines whether the classified activity
is indicative of an “episode” of activity. If so, an indication of an activity state for
which an episode is detected is provided to posture state classifier 204 on interface 210.
If, however, the signal on interface 102 does not reflect an episode of defined activity,
an indication that no episode was detected is provided to posture state classifier 204.
Use of episode detection is described further below.

In the foregoing manner, posture state classifier 204 may receive an M-of-N
posture indication on interface 206 from M-of-N filter 202 and an indication of an
activity episode on interface 210 from episode detector 208. In an alternative
embodiment, only one of these indications may be provided to posture state classifier
204. Posture state classifier 204 then compares these indications to the posture state
definitions 52. If one or more of the signals on interfaces 206 and 210 favorably
compare to any of the definitions, an indication of the posture state is provided on
interface 213. This indication may be an encoded value, a bit-mapped value, or some
other type of indication of the patient’s posture state.

As several examples, an indication of the Upright posture may be provided on
interface 206, and an indication of the Active activity state episode may be provided on
interface 210. This may favorably compare to an Upright & Active posture state
definition, and thus an indication of the Upright and Active posture state may be
provided on interface 213 to dwell time logic. Alternatively, an indication of the
Upright posture may be provided on interface 206, and an indication that no activity
episode was detected may be provided on interface 210. This may favorably compare to
the Upright posture state which requires detection of the Upright posture without regard

to the patient’s activity state. Thus, an indication of the Upright posture state may be
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provided on interface 213. Conversely, an indication of an Active activity state may be
provided on interface 210, resulting in an indication of an Active posture state on
interface 213. This may be a posture state that requires only the Active activity state
without regard to posture.

In some embodiments, and depending on the posture state definitions 52 that are
in use within the system at a given time, the various signals received on interfaces 206
and 210 may result in the patient satisfying the requirements of multiple posture state
definitions at once. In this case, in one embodiment, some hierarchical arrangement of
the relative importance of these definitions may be used to determine which of these
multiple posture states will be identified on interface 213 for use in generating a
response. In another embodiment, different fields may be included in the posture state
indication provided by posture state classifier 204 so that multiple posture states may
potentially be identified simultaneously (e.g., one associated with just posture, another
associated with just activity, and one associated with both).

The indication provided by posture state classifier 204 on interface 213 is
forwarded to dwell time logic 214. Dwell time logic 214 may be used to ensure that
once a patient is classified in a posture state, the patient will not exit that posture state
for the predetermined dwell time. If the patient does exit the posture state before the
dwell time elapses, no actions are taken in response to classification of the patient in this
posture state. Only after this dwell time has elapsed will any actions be taken in
response to the classification. In this manner, dwell times are utilized to ensure that
transitory posture states that a patient may occupy for only a short period of time will
not prompt actions such as an unwanted change in therapy. Moreover, the use of dwell
times prevents a patient who 18 occupying a posture state that is at a boundary between
two posture state definitions from triggering multiple actions (e.g., multiple therapy
modifications) as the patient transitions between the two posture states over a short
period of time. By selection of appropriate dwell times, an action in response to such
short-term and repeated posture state re-classifications will be suppressed. An action
(c.g., therapy change) will only be initiated after the patient finally settles in a stable

manner into one or the other of the two posture states.
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In one embodiment, dwell time logic 214 has access to current posture state data
55, which indicates the posture state in which the patient was most recently classified in
a stable manner. Dwell time logic 214 compares this most recent stable posture state to
the posture state which is indicated by posture state classifier 204 on interface 213. If a
mismatch occurs, a potential re-classification of the patient’s posture state may be
underway. According to one embodiment of the current disclosure, before a response is
initiated because of the posture state re-classification, a corresponding dwell time T is
measured, as by a timer provided by dwell time logic 214. The posture state identified
on interface 213 must remain stable throughout this dwell time T such that no other re-
classification occurs. If this stability is maintained, dwell time logic 214 provides an
indication to response logic 110 that posture state reclassification occurred and the
appropriate one or more responses are to be initiated. As previously described, the
appropriate responses may involve modification, cessation, or initiation of therapy
delivery, storing of data, notification generation, an initiation or change in a
communication session, and/or other responses involving system 10. On the other hand,
if the dwell time does not expire before the signals on interface 213 again change, the
dwell time is reset when the signal change on interface 213 is detected. The process
may then be repeated. This will be described in reference to the figures below.

The dwell time that is being used by dwell time logic 214 may be “hard-coded”
or may instead be programmable. This value may be programmed by a clinician, for
instance, when IMD 12 is being initialized, and may be re-programmed any time
thereafter as desired by the clinician.

In one embodiment, a dwell time may be automatically selected by the system
based on current system conditions. For instance, the dwell time may be based, in full
or in part, on current posture state data 55. This allows a different dwell time to be
selected based on the patient’s most-recently classified stable posture state as identified
by current posture state data 55. As an example, a different dwell time may be selected
if the patient’s most-recently classified stable posture state reflects an Upright posture as
compared to a posture associated with a reclining pose. As another example, if the
patient was most-recently classified as being in an Active activity state, the dwell time

may be different than if the patient’s activity state was determined to be associated with
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inactivity. In yet another embodiment, the dwell time may be selected based on a most
recent posture state transition. For instance, assume the patient’s most-recent stable
posture state, as indicated by current posture state data 55, is currently recorded as
Upright & Active. Prior to this posture state, the patient was classified as being in a
stable Upright & Inactive. This transition from Upright & Active to Upright & Inactive
may be recorded by current posture state data 55 and used to select the dwell time. As
yet another example, a newly-detected posture state indication provided on interface 213
may be used to select the dwell time, or the transition for the patient’s most-recent stable
posture state as indicated by current posture state data 55 to the newly-detected posture
state indicated on interface 213 may be used to select the dwell time.

In one embodiment, the dwell time that is imposed by dwell time logic 214 may
be response-specific. Thus, once a re-classification of posture state occurs on interface
213, a first dwell time may be imposed before a signal is provided to response logic 110
to prompt response logic 110 to initiate a first response (e.g., a change therapy delivery).
A second dwell time that is different from the first dwell time may be imposed before
dwell time logic 214 provides a signal to response logic 110 to initiate a second
response (e.g., an event notification) and so on. If multiple such dwell times are being
used, it is possible for the posture state classification appearing on interface 213 to
remain stable long enough to prompt a first action associated with a first dwell time.
However, the signals on interface 213 may change before a second, longer, dwell time
clapses. Therefore, the second action that has been associated with this posture state
classification is never initiated, since signal stability was not achieved for the second
longer dwell time.

As may be appreciated, many embodiments are possible, including a simple
approach that includes one dwell time that may be hard-coded, or a single dwell time
that is programmable. In other embodiments, dwell times may be automatically selected
based on monitored system conditions. In a more flexible system, different dwell times
may be selected for different types of responses. According to this latter technique, the
multiple dwell times may be hard-coded, programmable, automatically selected based

on system conditions or some combination thereof.
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In one embodiment, the posture state classification appearing on interface 213
will be used to update current posture data 55. In one embodiment, the time at which
this occurs may be based on a dwell time. That is, any re-classification appearing on
interface 213 will only be stored as current posture data 55 after an associated dwell
time has elapsed, as indicated by dwell time logic 214 and represented by an enable
signal on interface 217.

As may be appreciated, when dwell times are used, posture states classifications
that appear on interface 213 for shorter than the corresponding dwell time will not
prompt an associated response. Moreover, in an embodiment that utilizes dwell times to
update current posture state data 55, posture states that are assumed for shorter than a
corresponding dwell time will not be reflected by updating current posture state data 55
and/or may not result in updating of other records such as the posture state history file
54. Of course, if all posture state changes are to be used to update current posture state
data 55 and/or posture state history file 54, this action need not be associated with a
dwell time at all, or the dwell time may instead be set to 0. For instance, in one
embodiment, it may be desirable to record all posture state classifications appearing on
interface 213 for analysis purposes, regardless of how long these changes are maintained
in a stable manner on this interface. Thus, there may be one or more logs that are
maintained that do not have any dwell time imposed between a posture state re-
classification on interface 213 and the recording of the posture state.

In one embodiment, dwell time logic 214 may utilize one or more software
and/or hardware timers that are re-started each time current posture state signals on
interface 213 are updated. The use of such timers in imposing dwell times is discussed
below in reference to FIG. 10.

As described above, when response logic 110 receives an indication of timer
expiration from dwell time logic 214, response logic 110 will initiate a corresponding
response. This response may be a therapy modification that is controlled by processor
34 and/or delivered by therapy module 32. This response may alternatively or
additionally be a notification controlled by notification logic 112, such as a
communication delivered by telemetry logic 38 to an external device such as

programmer 20, or may involve initiation of some other communication session. A
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response may involve updating current posture state data 55 and/or updating posture
history file 54. Other responses are possible within the scope of the current disclosure.

It is appreciated that FIG. 6 is a functional block diagram. Any of the logic
blocks shown in FIG. 6 may be implemented in hardware, programmed instructions, or
some combination thereof. Moreover, the interfaces between logic blocks may be
implemented in many ways, and do not necessarily represent hardware interfaces. For
instance, one or more of the logic blocks of FIG. 6 need not be physically connected to
the logic blocks with which they share interfaces. Instead, such logic blocks may be
logically connected, as by processor 34 transferring information from one logic block to
another, for instance, or by the logic blocks sharing through a common memory.

In some embodiments, all of the logic shown in FIGs. 5 and 6 may be included
within a device (e.g., IMD 12) that is implanted within patient 14. In other
embodiments, one or more of the logic blocks of FIGs. 5 and 6 reside outside of the
patient’s body. For instance, in one embodiment, the entire system of FIG. 6 may be
implemented in a system that is worn outside the body of the patient. In another
embodiment, sensor 40 and/or some portions of control logic 41 may be implanted
within the patient and may communicate wirelessly with other portions of control logic
41 which are external to patient. Thus, many scenarios may be contemplated by those
skilled in the art.

It may be appreciated that some logic blocks of FIG. 6 may be omitted or used
for other purposes. For instance, episode detector 208 may be readily adapted for use in
classifying a posture change episode, instead of, or in addition to, being employed to
classify an activity episode. Similarly, M-of-N filter 202 may be adapted for use in
classifying an activity state change, instead of, or in addition to, being employed to
detect an M-of-N posture. Alternatively, one or both of the M-of-N filter 202 and
episode detector 208 may be omitted entirely in some embodiments. This will be
described further below in a more detailed description of this logic.

FIG. 7A is a timing diagram illustrating use of dwell times according to one
exemplary embodiment of the disclosure. This diagram illustrates using detection of
posture states to control delivery of therapy, although such detection may be used for

initiating other responses, as discussed above. At time TO0, it will be assumed that a first
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stable posture state has already been detected and is being used to control therapy
delivery at a first therapy level, Therapy Level 1, which has been associated with
posture state PS1. At time T1, a second, different posture state PS2 is detected. It will
be assumed that a different therapy level, Therapy Level 2, has previously been
associated with this posture state PS2. Rather than immediately change the therapy
level to Therapy Level 2 in response to detection of posture state PS2, a dwell time is
imposed. In particular, a timer/counter, which may be referred to as a “dwell timer”, is
started for a dwell time T1 that has been associated with this posture state change.

As previously discussed, many possibilities exist for selecting which dwell time
will be used in a given situation. In a simple embodiment, one dwell time may be used
for all posture state changes. In a more complex system, the dwell time may be selected
on the particular posture state change that is occurring, on the most-recent stable posture
state, on the newly-detected posture state, on a response type, and/or on some other
monitored condition. For instance, the dwell time T1 may be selected based on the
previous stable posture state PS1 that was assumed by the patient prior to the most
recent posture state transition. Alternatively, the dwell time T1 may instead be selected
based on the newly-detected posture PS2. In another embodiment, the specific
transition from PS1 to PS2 may be used to select the dwell time. Other system
conditions, such as physiological conditions of the patient (heart rate, blood pressure,
etc.) may be used to select dwell time.

In the current example, dwell time DT1 expires at time T2, as indicated by arrow
220. Since the patient’s posture state did not change throughout the dwell time, upon
expiration of this dwell time, the level of therapy delivery is changed from Therapy
Level 1, which is associated with PS1, to Therapy Level 2, which is associated with
PS2. This change may occur as a step function, as shown by step function 224.
However, in another embodiment, the change will occur over time, such as using a ramp
or some other therapy adjustment function. Any type of linear or non-linear ramp or
exponential attack function may be used, as shown by dashed lines 226, to achieve the
target Therapy Level 2. The type of ramp or attack function used in the system and/or

the time over which the change to the second therapy level occurs may be

32



10

15

20

25

30

WO 2010/005809 PCT/US2009/048852

programmable. Moreover, the therapy adjustment time over which the adjustment
occurs may likewise be programmable.

At time T3, the patient’s posture state again reverts to posture state PS1. Rather
than immediately revert back to Therapy Level 1, a dwell time is imposed. In this
example, the dwell time selected for this situation, dwell time DT2, is different than the
time DT1 used when the patient entered posture state PS2. This selected dwell time,
which is represented by arrow 227, may be based on any of the considerations discussed
above. Alternatively, a universal dwell time may be employed for use when any posture
transition is detected, as previously mentioned.

As with the case discussed above, dwell time DT2 expires at time T4 without the
patient shifting posture states. Therefore, the therapy level associated with PS1 is again
delivered to the patient. This reversion to Therapy Level 1 is shown to occur as a step
function 228. However, any type of linear ramp or decay function may be selected
instead, as shown by dashed lines 230. The function selected to respond to a decrease in
therapy level may be different than the function selected to respond to an increase in
therapy level. That is, if desired, the one of functions 226 that is selected in response to
a therapy increase is not required to correspond to the one of functions 230 that is
selected in response to a therapy decrease.

In the foregoing manner, dwell times are imposed between the time a shift in
posture state is detected and the time a response, which in this case is a therapy level
adjustment, is initiated.

FIG. 7B is a timing diagram illustrating use of dwell times according to another
exemplary embodiment of the disclosure. This timing diagram, like the one discussed
in regards to FIG. 7A, depicts delivery of therapy at various therapy levels. These
therapy levels are delivered in response to detected posture states.

At time TO, a posture state PS1 has already been detected and is being used to
deliver therapy at Therapy Level 1. At time T1, a second, different posture state PS2 is
detected. As was the case in the foregoing example, a different Therapy Level 2 is
associated with this posture state. Rather than immediately change the therapy level to
Therapy Level 2 in response to detection of posture state PS2, a dwell time DT1 is

imposed, as shown by arrow 234.
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At time T2, before this dwell time DT1 expires, the patient’s posture state
changes again to a third posture state PS3, which is different from the original posture
state PS1. Therefore, the timer associated with DT1 is reset, and a timer is started for
this third posture state PS3, as indicated by arrow 236. The dwell time associated with
this timer, DT2, is different from the dwell time DT1 used for PS2, although this need
not be the case in other embodiments, as discussed above.

At time T3, the patient’s posture again shifts back to the original posture PSI1.
Since this occurs prior to expiration of dwell time DT2, as may be seen by arrow 236,
the dwell timer that was started upon the patient’s classification in posture state PS3 is
reset. Once again no therapy change occurs. Therapy is still being delivered at Therapy
level 1, which is the therapy level associated with PS1. If no other action is associated
with posture state PS1, in one embodiment, no dwell timer needs to be started. Therapy
is already being delivered at the level associated with this newly-assumed posture state
of PSI.

At time T4, the patient assumes posture state PS3 again. Therefore, a dwell
timer is started to time dwell time DT2, as shown by arrow 238. At time T5, the dwell
timer expires while the patient is still assuming posture state PS3. Therefore the
associated response is initiated, which in this example, is a change in therapy to Therapy
Level 2. As was the case in FIG. 7A, the change in therapy may be initiated as a step
function. However, in one embodiment, the change occurs over time, as a ramp or some
other therapy adjustment function, such as an exponential ramp function. The current
example shows the change in therapy occurring as a ramp function, with the target
Therapy Level 2 achieved over a therapy adjustment time indicated by arrow 240, which
in one embodiment may be programmable.

The foregoing examples of FIG. 7A and 7B assume that dwell times will be
automatically selected based on the newly-assumed postures. For instance, in FIG. 7B,
dwell time DT1 is used for newly-assumed posture state PS2, wherein dwell time DT2
is used for newly-assumed posture state PS3. In another embodiment, the previously-
detected stable posture state could be used for this purpose. For instance, in FIG. 7B, a

dwell time associated with posture state PS1 (rather than new posture state PS2) could
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be selected for use after the re-classification of the patient in posture state PS2 at time
T1.

FIG. 7C is a timing diagram illustrating use of dwell times according to yet
another exemplary embodiment of the disclosure. This diagram describes use of
multiple dwell times in response to a single detected posture state change. These dwell
times are used to initiate multiple responses.

At time TO, it is assumed that a patient has been classified in a stable posture
state PS1 and a therapy level associated with this posture state, Therapy Level 1, is
being used to deliver therapy to the patient. At time T1, the patient is classified in a
second, different posture state PS2. It will be assumed that a different Therapy Level 2
is associated with this posture state. Rather than immediately change the therapy level
to Therapy Level 2 in response to re-classification of the patient’s posture state, a dwell
time DT1 is imposed. In particular, a timer is started for a dwell time DT1 that has been
associated with this posture state change and that will be used to initiate a change in
therapy level. This dwell time is represented by arrow 242. In addition, a second timer
is started that is associated with a different dwell time DT1’ that is longer than the dwell
time DT1, as indicated by arrow 246. This second time will be used to initiate a
response other than the change in therapy level. For instance, this other dwell time may
be used to change the level of some therapy other than that represented by FIG. 7C, to
start another therapy, stop another therapy, initiate a notification, prompt storing of data,
start a communication session, or some other response.

At time T2, the first dwell timer associated with dwell time DT1 expires, as
shown by arrow 242. Therefore, the therapy level is changed to Therapy Level 2. This
change is not immediate in this example, but rather occurs according to an exponential
attack function, as shown by curve 244.

At time T3, before the second dwell timer associated with dwell time DT1’
expires, the patient changes his posture state to PS3. Thus, this second dwell timer is
reset, and the response associated with this second timer is not initiated. Instead, at least
one timer associated PS3 is started. In this example, a first dwell timer is started for a
dwell time DT1, as shown by arrow 248. This dwell timer will be associated with a

change in therapy to a level that is associated with PS3. A second dwell timer is also
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started in response to this change to posture state PS3 that will be used to initiate a
second response. This second dwell timer will expire after the dwell time DT1’, as
indicated by arrow 250.

At time T4, the first dwell timer associated with time DT1 expires, and therapy
levels are therefore changed to that associated with posture state PS3, which in this
example will be assumed to be Therapy Level 3. As was the case with Therapy Level 2,
the change does not occur immediately, but occurs using an exponential attack function
shown by curve 252. At time T35, the second dwell timer associated with DT1' also
expires, resulting in initiation of the second response, which may be any one of a
number of responses associated with this shift to posture state 3.

In this example, the dwell times that are selected are the same for both posture
changes. That is, when the posture change to PS2 occurs at time T1, the dwell time DT1
is selected for use in initiating a change in therapy level, and the dwell time DT1' is
selected for use in initiating a second response. These same two dwell times are also
selected for use when the shift to posture state PS3 occurs. Thus, this example shows
that the dwell times may be response-specific, and not based on the posture states being
assumed. Of course, the same dwell time may be used to initiate multiple responses in
another embodiment. In still another embodiment, the selected dwell time may be both
response-specific, and also based on posture state information (e.g., most-recent stable
posture state, newly-assumed posture state, transition between the two, and so on).

It may be appreciated that FIGs. 7A — 7C are merely exemplary, and many other
scenarios may be contemplated for using one or more dwell times to control initiation of
one or more responses as a result of one or more posture state changes.

FIG. 8 is an exemplary data structure that may be employed to associate posture
states to responses. Column 260 lists the various posture states, PS1 through PSX. As
previously discussed, these posture states may involve a posture, an activity state, or
both. Example posture states may include Upright, Lying Down, Upright & Active,
Active, and so on.

Each posture state may be associated with one or more responses, which are the

responses initiated after the patient has been classified in that posture state. According
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to the current disclosure, the initiation of a response may be delayed by a corresponding
dwell time.

Columns 262 of the data structure of FIG. 8 are associated with a first response,
which involves a change to Therapy 1. In this example, these columns 262 list the
therapy parameter values that are to be used to deliver the therapy. For instance, in row
264 for posture state PS1, the value for parameter 1 is listed as “PA”, which may be a
stimulation amplitude used to deliver electrical stimulation. Another parameter 2 has a
value listed as “PF”, which may be the frequency at which the stimulation is delivered.
Yet another parameter N has a value listed as “PE”, which may be the combination of
electrodes used to deliver the stimulation. Any number of parameters may be included
in columns 262, including a list of programs and/or program groups used to deliver
therapy 1, a duty cycle of stimulation, stimulation pulse width, and so on.

In a similar manner, parameters may be selected for each of the other rows in the
table for use in delivering Therapy 1 to a patient in response to the patient being
classified in the corresponding posture state. If desired, for some posture states, it may
be desirable to forego initiating any responses, keeping therapy delivery levels and other
system operations as they were prior to detection of that posture state. This is indicated
by not providing values for the various responses for posture state PSX in row 266, for
instance. As yet another example, it may be desirable to halt delivery of a particular
therapy, or start delivery of a new therapy, in response to detection of a particular
posture state. Such information may likewise be contained in a data structure such as
shown in FIG. 8.

Additional rows 268 and 270 are provided to list values for initiating one or
more additional responses. For instance, rows 268 are associated with a second type of
therapy that may be delivered to the patient. This therapy may, for instance, be
associated with delivery of a therapeutic substance to the patient. Various parameter
values may be provided to control this delivery in response to posture state
classification. Yet other responses may include notifications that are delivered.
Parameters that control such notifications may indicate how the notification is to be

delivered, and so on.
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In one embodiment, some posture states may be associated with no responses,
and other posture states may be associated with one or more responses. Thus, in a most
flexible embodiment, the types and/or numbers of responses to be generated as a result
of each posture state may be selectable. If desired, the information contained in a data
structure such as shown in FIG. 8 may be patient-specific, selected by a clinician at the
time an IMD is initialized, and thereafter updated as deemed necessary.

To provide a system that requires fewer programming selections and is therefore
more expedient to initialize, it may be desirable to ‘“hard-code” the selection of
responses that are available for a given posture state, and well as to pre-select at least
some of the parameters associated one or more of the responses. This type of pre-
selection process could be performed by a device manufacturer, for instance.

As previously discussed, in a streamlined environment, a single dwell time could
be utilized to initiate all responses. This same dwell time could be selected regardless of
the patient’s previous or current posture state. According to a more flexible approach, a
dwell time could be selected based on response, as shown in FIG. 7C, and/or based on
posture state data, as illustrated in FIGs. 7A and 7B.

FIG. 9 is an exemplary data structure that may be employed to select dwell times
according to one embodiment. Column 280 lists posture state information. Rows 282
are associated with the most-recent stable posture state (i.e., “current” posture state),
rows 284 are associated with the posture state that is newly detected, and rows 286 are
associated with a posture state transition.

According to these embodiments, if desired, dwell times may be selected based
on the most-recent posture state, as will be reflected by the current posture state data 55,
in one implementation. Alternatively, dwell times may be selected based on the newly-
assumed posture state, as will be provided on interface 213 to dwell time logic 214 of
FIG. 6. In yet another embodiment, the specific transition between the current and the
new posture state may be used to select the dwell time. Thus, a system may choose to
operate according to the selections provided by rows 282, by rows 284, or by rows 286
in one embodiment. According to a more streamlined approach, the system need not

take into account posture states when selecting dwell times.
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According to another aspect, the dwell times may be selected in a manner that is
response-specific. This is shown in reference to columns 288. One or more types of
responses may each include a respective dwell time. In the example shown, each of the
posture states shown in rows 282 is associated with a different dwell time for each type
of response (e.g., Therapy 1 modification, Therapy 2 modification, etc.). According to a
more streamlined approach, a same dwell time may be used for all types of responses.

In another embodiment, the dwell times may be specific to how a response will
be initiated, as is shown in regards to columns 290. For instance, if the new posture
state will ultimately result in a therapy level increase (e.g., increase in stimulation
amplitude), a first dwell time may be selected. Conversely, if the change to the new
posture state will result in a therapy level decrease, a different dwell time may be
selected. According to this approach, it may be desirable to use longer dwell times
when an increase in amplitude will be delivered as a result of the posture state change,
since this will provide more assurance that the patient is indeed remaining in this
posture state prior to the time delivery of the increased therapy is initiated.

As another example, one dwell time may be selected if therapy is to be initiated
as a result of a posture state change, and yet another, different dwell time may be
selected if the posture state change will result in cessation of a therapy. In this manner,
dwell times may be selected based on the type of change in a response, rather than in the
type of response itself.

In another embodiment, some other measured condition may be used to select
dwell times, such as a physiologic condition that may be determined using sensors.
Examples include heart rate, blood oxygen levels, blood pressure, and so on. Many
such conditions may be contemplated by those skilled in the art. This is as exemplified
by columns 292.

The selection as to which method to use to select dwell times may, in one
embodiment, be programmable. For instance, a clinician may decide to use dwell times
selected from the intersection of rows 282 and columns 288. Alternatively, a clinician
may decide to utilize those selected from the intersection of rows 284 and columns 290.

Many combinations are possible.
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As previously discussed, selection of dwell times may be greatly simplified
through the use of a single dwell time that is applied to initiation of all responses, and
which is used regardless of the posture state change that is occurring.

FIG. 10 is a functional block diagram of one embodiment of dwell time logic
214. The one or more dwell times that are in use in the system are represented by dwell
time(s) 310. In one embodiment, the dwell times are programmable, and the selected
values may be stored in a data structure such as shown in FIG. 9, or any other one or
more data structures, the formatting of which is largely unimportant. Such a data
structure may be retained in a storage device such as memory 36, for instance, or may
be retained within a storage device of an external device such as programmer 20. In the
latter case, some or all of the dwell times may be provided from an external device such
as programmer 20 during initialization of the device, or as needed. Alternatively, some
or all of the data may be selected by a device manufacturer for inclusion in IMD 12, as
by providing this information in a ROM, for instance.

The dwell time(s) are accessible to dwell time control logic 312. Also accessible
to dwell time control logic 312 is the output of the posture state classifier 204, as well as
the current posture state data 55. When a change in posture state detected, as may be
accomplished by determining that the posture state classification from posture state
classifier 204 is different from the posture state indicated by current posture state data
55, dwell time control logic 312 controls how this posture state change will affect
operation of one or more timers 314. In particular, if one of the timers 314 is measuring
a dwell time at the time a posture state change is detected, this timer is reset and the
corresponding response will not be initiated. This is because the full dwell time did not
elapse prior to another change in posture state, as described in reference to FIGs. 7A -
7C.

Additionally, dwell time control logic 312 may load one of timers 314 with an
appropriate dwell time and start that timer. The dwell time to use may be selected based
on the current posture state data 55, which indicates the stable posture state in which the
patient was classified just prior to the most recent classification. This corresponds with
rows 282 of FIG. 9, for instance. Alternatively, the dwell time may be selected based on

the output of the posture state classifier 204, which indicates the newly-assumed posture
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state classification. This corresponds with exemplary rows 284 of FIG. 9. Alternatively,
the transition between the two posture states may be used to select the dwell time, as
illustrated by exemplary rows 286 of FIG. 9.

Dwell time control logic 312 may also receive an indication from conditional
logic 318, which may indicate physiologic and other conditions associated with the
system on which the dwell time selection may be based. All of the received inputs may
be used by dwell time control logic 312 to select one or more appropriate dwell time(s)
310 that corresponds to the current situation. Each of the selected dwell times may be
loaded into a corresponding one of timers 314 and the timer may be started. This may
involve starting a single timer, or multiple timers, as discussed in relation to FIG. 7C.

For each timer, dwell time control logic 312 may track the one or more
responses which are to be initiated as a result of timer expiration. Such information may
be obtained from a response table 320, which may be similar to that shown in FIG. 8.
The formatting and content of this data structure is largely irrelevant. What is important
to note is that dwell time control logic 312 associates a timer with one or more
responses. Upon expiration of a timer, dwell time control logic 312 is thereby able to
provide a signal to response logic 216 to indicate a type of response that is to be
initiated. As described above, such a response may involve one or more of modification
of a therapy, initiation of a therapy, cessation of a therapy, the storing of data, initiation
of a communication session, initiation of a notification, and so on. If desired, such a
response may even involve the timing associated with updating current posture state
data 55 to reflect the new posture state indicated by posture state classifier 204. Any
type of response that may be usefully employed in the system may thereby be associated
with a dwell time in this manner.

FIG. 10 shows the use of multiple timers. If multiple dwell times are to be used
in a single-timer environment, dwell time increments may be employed. For instance, if
two responses are to be associated with a posture state change, and those responses are
to be initiated at a first time T1 and a longer time T2, respectively, the first time T1 may
be loaded into the dwell timer. Upon expiration of this time T1, a time increment of T2-
T1 may be loaded in the same timer. This incremental time may then be used to initiate

the second response.
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The logic of FIG. 10 may be implemented in any combination of hardware
(including discrete components, one or more processors, or any other type of circuitry),
programmed instructions, or any combination thereof. For instance, dwell time control
logic 312 may include one or more processors executing programmed instructions. The
one or more timers may be software timers, hardware timers, or some combination
thereof. Moreover, the manner in which the logic is partitioned in FIG. 10 is largely
arbitrary, and is selected to aid in the discussion of the functionality. However,
partitioning may occur in other ways. Additionally, the interfaces between logic blocks
may be implemented in many ways, and do not necessarily represent hardware
interfaces. For instance, one or more of the logic blocks of FIG. 10 need not be
physically connected to the logic blocks with which they share interfaces. Instead, such
logic blocks may be logically connected, as by processor 34 transferring information
from one logic block to another, for instance. Thus, the interfaces represent flow of
signals, control and/or data, and are not intended to limit the disclosure to any particular
interconnect configuration. In sum, FIG. 10 should not be interpreted as limiting the
disclosure to any specific implementation, interconnection, or partitioning of the logic,
as many embodiments may be contemplated by those skilled in the art.

FIG. 11A is an example user interface screen that may be employed to select
dwell times according to one embodiment. This type of interface may be provided by a
clinician programmer or some other programming device. Many of the icons appearing
on this menu are beyond the scope of the current disclosure, and therefore will not be
discussed. Of importance is drop-down menu 321, which is used to select from a list of
defined posture states. In one embodiment, this list may be populated by a device
manufacturer. In another embodiment, this list may be populated, at least in part, as a
uset, such as clinician, defines posture states for use in treating a particular patient.
Thus, in one embodiment, this list may be at least partially patient-specific.

Once a posture state (e.g., Upright) has been selected, a dwell time may be
selected for association with this posture state using a second drop-down menu 322.
This menu may display a list of dwell times described in absolute terms (e.g., seconds,
minutes or some other unit of measure), or may instead display a list of dwell times

described in relative terms (e.g., short, medium, long). These relative descriptors may
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be defined by a user, such as a clinician, or “hard-coded”, as by the device manufacturer.
Once this selection and association is made, a save function may be invoked, as by
selecting button 323. This will make the association between the selected posture state
and the dwell time. Such an association may be stored in a data structure such as that
shown in FIG. 9, for instance.

In one embodiment, the posture state that is selected in the foregoing manner is
that posture state to which the patient is transitioning. That is, dwell times are
associated with the newly-assumed posture states, as shown in rows 284 of FIG. 9, and
as illustrated by FIGs 7A and 7B. In another embodiment, the selected posture state
may be associated with the posture state reflected by current posture state data 55, if
desired.

The user interface screen of FIG. 11A includes a third drop-down menu 324 for
use in selecting cone size. This relates to the size of cone used to define a posture, as is
shown in reference to FIG. 4A. This is largely irrelevant to the current disclosure, and
will not be described further.

As may be appreciated, the user interface shown in FIG. 11A supports a
streamlined system that does not provide for selection of dwell times that are based on a
posture state transition, a response type, a change in response, or to any other
conditions. In a more complex system, additional drop-down menus may be used to add
more complexity to the selection of dwell times. This is exemplified with respect to
FIG. 11B.

FIG. 11B is another example of a user interface according to one aspect of the
disclosure. As was the case with FIG. 11B, this interface may be provided by a clinician
programmer or some other programming device. In this example, dwell times are
selected based on posture state transitions rather than based on the potentially new
posture state, as was described in reference to FIG. 11A. Such dwell times that are
based on posture state transitions were described in reference to rows 286 of the data
structure shown in FIG. 9, for example.

According to the example screen display, screen portion 325 is employed by a
user to select a respective dwell time for each of six types of posture state transitions. In

particular, drop down menu 325a selects a dwell time that corresponds to a transition
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from an Upright posture state to any one of three lying down postures. These three
lying down postures includes the patient lying on his/her Back (B), lying on the Left
Side (L) and lying on the Right Side (R). Thus, in this embodiment, the same dwell
time will be used whenever any of these three posture state transitions occur.

In a similar manner, drop down menu 325b selects a dwell time that corresponds
to a transition from the Upright posture state to a posture state of lying on the patient’s
Front (F), or face down. Drop down menu 325c¢ sclects a dwell time for use when
transitioning from any Lying down posture state (including Front, Back, Right Side, and
Left Side) to an Upright posture state.

Drop down menu 325d is used to choose a dwell time that will be employed
when a transition from an Upright posture state to a Mobile posture state is detected.
According to one example, the Upright posture state may be defined in terms of an
Upright posture and a relatively low activity level, whereas the Mobile posture state
may be expressed in terms of an Upright posture and an activity level above some
selected “Mobile” threshold level. Thus, in this example, the dwell time selected via
menu 325d will be used whenever a patient that is standing upright begins an activity
that causes the detected activity level to transition above the threshold associated with
the Mobile posture state. Yet another drop down menu 325¢ may be used to select a
dwell time for the opposite transition involving shifting from the Mobile posture state to
the more sedentary Upright posture state.

Finally, drop-down menu 325f is used to select a dwell time that will be
employed whenever the patient transitions from one lying down posture state (e.g.,
Back, Front, Left Side, Right Side) to a different lying down posture state.

In screen portion 325, any of the times may be selected in seconds (s) or minutes
(m). Additional and/or alternative time units may be used in other embodiments.

In screen portion 326, the threshold used to define the posture state of Mobile is
selected. In particular, drop down menu 326a allows a user to select the Mobile
threshold level that will determine when a patient transitions between a relatively
sedentary Upright posture state to the more active Mobile posture state. This example

shows the value of “Low” being selected as this threshold. It will be appreciated that
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other values may be defined to populate menu 326a, such as “Moderate”, “High”, and so
on.

In this example, the value selected for this threshold level (e.g. “Low”) is a
relative, rather than an absolute, value. Typically, this relative threshold level will be
associated with some absolute value obtained from processing signals of sensor 40. For
instance, this value of “Low” may be associated with a signal value (e.g., “40”) obtained
from processing signals of sensor 40, as is described above in reference to FIG. 4B.
This association could be “hardcoded” by the device manufacturer. Alternatively, this
association may be created by an end user such as a clinician using another screen
display of the user interface. In yet another embodiment, absolute threshold values may
be used to directly populate the drop down menu 326a.

As may be appreciated, the number of posture states that are available for
definition and use within the system is virtually limitless. Thus, the various
combinations of posture states that may be used in a user interface of the type shown in
FIGs. 11A and 11B are also virtually limitless. These combinations may be predefined
by a device manufacturer in one embodiment. In another embodiment, the types of
transitions and threshold values that are available in screen portions 325 and 326 may be
selectable, at least in part, by the user. For instance, as the user defines various posture
states, the user may also be allowed to determine how the posture states are grouped and
displayed for dwell time selection purposes. Thus, the dwell time screen displays such
as those shown in FIG. 11A and 11B may be generated dynamically using posture state
definition and dwell time selection data provided by a user such as a clinician. This
latter approach provides a high degree of flexibility, allowing the user to determine the
degree of specificity with which dwell time logic will operate.

FIG. 12 is a flow diagram according to one embodiment of the current
disclosure. This process may be executed, for instance, by dwell time logic 214 of
FIGs. 6 and 10. One or more dwell times are selected for use within the system (330), as
may be accomplished via a user interface such as that shown in FIG. 11A. A posture
state may then be classified as the patient goes about daily life (332). If this posture
state classification does not indicate a change in the patient’s posture state (334),

execution returns to step 332 for re-classification of the patient’s posture state.
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Otherwise, processing continues to step 336, where a corresponding dwell time is
obtained. This dwell time may be selected based on posture state data and/or other
conditions. These other conditions may include the types of response(s) that are to be
initiated, the types of changes in response that may occur, or other conditions such as
physiological conditions.

The selected dwell time is used to start a timer (338). If the timer expires before
another posture state change occurs (340), a corresponding response is initiated (342).
Processing then returns to step 332 and the method is repeated. Otherwise, if in step
340 the timer does not expire before another posture state change is detected, the timer
is reset (344) and processing returns to step 332 to repeat the method.

As may be appreciated, according to another embodiment, more than one dwell
time may be selected in step 336, potentially resulting in the use of multiple timers in
step 338, and the possible initiation of multiple responses in step 342. Many alternative
embodiments will be apparent to those skilled in the art, including embodiments that
may re-arrange the ordering of the method steps.

The foregoing discussion focuses on the use of dwell times to impose a delay
between the time a posture state is detected and the time a response is initiated based on
the detected posture state. An alternative or additional mechanism that may be used for
this purpose involves episode detection. Episode detection may be performed to detect
an episode of activity, an episode of posture, or an episode related to a change in posture
state. In the exemplary system shown in FIG. 6, the episode detection is shown being
performed in relation to an activity state. Therefore, for the following discussion, this
embodiment will be assumed. However it will be understood that episode detection is
not limited to this purpose.

Episode detection may be appreciated by returning to the diagram of FIG. 4B. In
that example associated with that diagram, signals from sensor 40 may be processed to
obtain an activity level that may range from 0 to 100. Activity state definitions are
created that reference this possible range of signal values. As an example, an activity
state of Inactive may be defined that is associated with range 0-40. Another activity
state of Moderate Activity may be defined for the range 40-80. Yet a third activity state
called High Activity may be defined for the range from 80-100.

46



10

15

20

25

30

WO 2010/005809 PCT/US2009/048852

Next, these activity state definitions may be used to classify a patient’s activity
state. In particular, signals from sensor 40 may be processed to obtain a current level of
activity. This activity level over time is shown as signal 81 in FIG. 4B. At time TO, this
signal lies in the Inactive range. Without use of episode detection, this signal will be re-
classified as being in the Moderate Activity range after it crosses the activity level of 40.
Another re-classification occurs as this signal trends upward to cross the boundary of 80
into the High activity range.

Episode detection changes the point and time at which this re-classification
occurs. Instead of the detected signal level being compared directly to boundary values
reflected by the posture state definitions (e.g., boundaries of 40, 80, and so on), the
boundary values used to detect a posture state transition are adjusted using transition
thresholds. Moreover, time requirements called transition durations are imposed,
requiring the posture state transition to be maintained above/below the adjusted
boundary for a selected period of time before the posture state re-classification is
recognized. This may be described in reference to FIG. 13.

FIG. 13 is a timing diagram illustrating use of episode detection according to one
embodiment of the disclosure. Signal 350 is a representation of an activity level derived
by processing signals of sensor 40 to obtain an indication of activity level of the patient.
The activity state definitions that are discussed above in reference to FIG. 4B will be
assumed to be in use in this example, as shown by the y-axis of FIG. 14. At time TO0, the
patient’s activity state will be classified as Inactive. At time T1, the patient’s activity
state would be re-classified to Moderately Activity if episode detection were not in use
in the system. However because episode detection is being used, the value of “40” is
not used as the re-classification boundary between the activity states of Inactive and
Moderate Activity. Instead, this boundary is adjusted by an amount determined by a
selected transition threshold of TT1, represented by arrow 352. In particular, re-
classification will occur at 40+TT1, where TT1 is a sclected transition threshold value.
For instance, this value may be selected as “5” such that the re-classification will not
occur until the activity level that is indicated by signal 350 reaches 40+5, or 45.

Because of use of transition threshold TT1 to adjust the boundary, as represented

by arrow 352, re-classification of the patient’s activity level will not potentially occur
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until time T2, at which time signal 350 exceeds the level for 40+TT1. When the signal
level exceeds this threshold of 40+TT]1 at time T2, a second aspect of episode detection
becomes apparent. At this time, a timer is started that is associated with a transition
duration. This timer is represented by arrow 354 in FIG. 13. Signal 350 must remain
above the threshold of 40+TT1 for the entire transition duration for an episode of
activity to be detected.

In the current example, signal 350 dips below threshold 40+TT1 at time T3,
before expiration of the transition duration represented by arrow 354. As a result, the
timer for the transition duration is reset, and no episode is detected for an activity state
of Moderate Activity.

Next, at time T4, signal 350 once again crosses the threshold of 40+TT1. The
timer associated with this threshold crossing is again re-started to time an applicable
transition duration, as indicated by arrow 356. This time, signal 350 does remain about
the threshold of 40+TT1 until after time TS5 when the timer expires, as indicated by
arrow 356. Therefore, at time T5, an episode of activity will be reported with respect to
the activity state of Moderate Activity.

Signal 350 eventually trends downward, crossing boundary 40+TT1, and further
dipping below 40 at time T6. Rather than immediately classify the patient’s activity
state as Inactive based solely on the boundaries associated with the definitions of FIG.
4A, episode detection may once again be applied to this transition. In this case, a
transition threshold of TT2 is applied, such that signal 350 must drop below 40-TT2
before a boundary crossing is recognized. The transition threshold of TT2 is represented
by arrow 358. This transition over the boundary of 40-TT2 occurs at time T7. At this
time, a timer is used to measure a transition duration represented by arrow 360. If signal
350 remains below the level of 40-TT2 for a time period of at least the transition
duration, an episode of the Inactive posture state will be detected.

In the instant case, signal 350 rises above the boundary of 40-TT2 before timer
expiration occurs at time T8, as shown by arrow 360. Therefore, an episode of the
patient being in the Inactive activity state is not detected. However, at time T8, the
signal once again crosses the boundary of 40-TT2. Therefore, a timer associated with

the transition duration is again started, as indicated by arrow 362. This time, the activity
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state signal remains below the boundary of 40-TT2 for longer the transition duration, as
indicated by arrow 362. Therefore at time T9, when the transition duration has elapsed,
an episode of the Inactive activity state will be detected.

In the foregoing manner, a transition threshold and transition duration may be
applied to activity detection. If desired, these values may be automatically selected
based on the most-recently detected stable posture state (that is, the posture state from
which the patient is transitioning), the next posture state (the posture state to which the
patient is transitioning), or the specific transition that is occurring. Additionally or
alternatively, these values may be selected based on whether the transition occurs in the
upward or downward direction. Thus, for instance, the values TT1 and TT2, as
represented by arrow 352 and 358, respectively, need not be the same even though these
values are associated with a transition between the same two activity states of Inactive
and Moderate Activity. Similarly, the two transition durations involved with this
transition, as represented by arrows 354, 356 and arrows 360, 362 need not be the same
when a signal trends upward versus downward. In yet another embodiment, a same
transition threshold and duration may be selected for all transitions and may be the same
regardless of direction of transition. The transition thresholds and durations available
for use in the system may be stored in a data structure similar to that shown in FIG. 9 for
use with dwell times. In this manner, various values may be available for use such that
the transition threshold and duration that will be used at any given time may be
automatically selected based on monitored system conditions.

In the embodiments of FIG. 13, the transition thresholds are relative values that
are used to modify boundaries set forth in posture state definitions. For instance, in one
embodiment provided above, the relative transition threshold value of 5 is added to the
boundary of 40 that is used to define a posture state transition involving the posture state
of Inactive. Instead of using this relative transition threshold value, in another
embodiment, an absolute transition threshold value of 45 may be used instead. In this
embodiment, the transition threshold is used as the boundary, rather than modifying a
boundary provided by the posture state definition.

Transition thresholds and durations may be programmable, if desired. Such

programming may be accomplished using a clinician programmer 20, or some other
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external programmer or external device. Alternatively, one or more such values may be
pre-selected (“hardcoded”) by a device manufacturer. If desired, in some or all
situations, the transition threshold and/or transition duration may be set to 0, thus
eliminating in full or in part, the use of episode detection for those situations.

Returning to the functional diagram of FIG. 6, it may be noted that episode
detection logic 208 will only report episode detection if the transition threshold and
transition duration conditions are met in a manner shown in FIG. 13. Thus, even though
the signal provided by activity detection logic 100 meets the requirements specified by
posture state definitions, an associated episode of activity may not be recognized until a
later time. This helps ensure that responses are not initiated as a result of transitory
posture states or signal fluctuations that occur for some other reason. Responses are
only initiated once it has been established that the patient has indeed transitioned to a
new activity state based on the requirements imposed by episode detection.

Logic similar to episode detector 208 may be used to receive the posture signals
on interface 106. The episode detector may be used to determine a posture episode.
This determination may be made, for instance, by considering whether a detected
posture vector Vy, enters within some predetermined distance of a defined posture vector
and stays no more than this distance away from the defined posture vector for at least a
period of time equal to a corresponding transition duration. In this manner, the use of
episode detection may be applicable not only to detection of an activity, but may
alternatively or additionally be used to detect posture episodes. This episode detection
may be used instead of, or in addition to, M-of-N filter 202 when detecting posture.

FIG. 14 is a flow diagram illustrating one embodiment of episode detection
according to the current disclosure. A signal indicative of a posture state is received
(370). In the example FIG. 13, this signal is indicative of activity, but in another
embodiment, a signal indication of posture may be used instead. For instance, one or
more signals that are used as a detected posture vector V,; may be received and used for
this purpose. Reception of the signal, as indicated by step 370, will be understood to be
on-going during the remaining steps of FIG. 14, as occurs when signal samples are

being continuously received, as shown in FIG. 13.
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A transition threshold and transition duration may next be obtained (372). These
values may be stored as system control parameters 58, for instance. The obtained values
may be automatically selected, in one embodiment, based on one or more posture states.
For instance, they may be selected based on a newly-assumed posture state to which the
patient is transitioning, a most-recent stable posture state, or both. Alternatively or
additionally, these values may be selected based on whether the signal indicative of the
posture state is trending upward or downward.

Any one or more of the values that are obtained during step 372 may have been
selected by a user such as a clinician. For instance, the clinician may utilize a user
interface similar to those shown in FIGs. 11A and 11B to select one or more values to
be used as the transition threshold and transition duration. Alternatively or additionally,
one or more such values may be selected by the device manufacturer such that the
values are “hardcoded”.

Next, it is determined whether the received signal crossed a boundary defined by
a posture state definition, wherein that boundary has been adjusted by the transition
threshold (374). If not, processing returns to step 370. Otherwise, execution continues
to step 376, where a timer is started to measure a period of time equal to the transition
duration. While continuing to receive the signal (e.g., as regularly-received signal
samples), it is determined whether the timer expires before the signal re-crosses the
adjusted boundary (378). If the timer does expire before this happens, an episode of the
new posture state is detected (382). This episode detection may be used to further
classify the patient’s posture, as shown in FIG. 6. If episode detection is used to further
process a signal provided by posture state classifier 204, this episode detection may be
used to prevent a response from being initiated after a posture state re-classification
occurs until an episode of that posture state is detected. Execution may then return to
step 370 to repeat the process.

Returning to step 378, if an episode of the new posture state is not detected,
processing continues to step 380, wherein the timer may be reset, and processing may
then return to step 370. In this case, the posture state re-classification that most recently

occurred will not be used to initiate a response.

51



10

15

20

25

30

WO 2010/005809 PCT/US2009/048852

In the foregoing manner, episode detection may be used to impose a delay
between the time a posture state transition is first detected, and the time that transition is
used to classify a posture state and initiate a response. This delay may be used alone, or
in conjunction with dwell times, to ensure that responses are not taken to posture states
that are assumed in only a transitory manner. Thus, in one embodiment, dwell times
may be set to zero, and episode detection may alone be used to impose the delay. In
another embodiment, both dwell times and episode detection may be utilized for this
purpose. According to still another approach, dwell times alone may be utilized, with
transition durations and transition thresholds being set to zero.

Yet another technique for introducing stability into the system relates to use of
the M-of-N filter. For purposes of this discussion, the M-of-N filter 202 of FIG. 6 will
be referenced. This filter was applied to posture signals. However, it will be
understood that this type of filter may be applied to the processing of activity states, and
even to the processing of posture states that are indicated by posture state classifier 204.

According to one embodiment, M-of-N filter 202 maintains a buffer of a
patient’s N most recent posture classifications generated by posture classifier 200. In
particular, this buffer stores the posture indication most recently provided by posture
classifier 200, as well as the N-1 posture indications that were most recently provided
before this by posture classifier 200. The M-of-N filter 202 then determines whether M
of these N stored postures is a same posture. If so, an indication of this posture (which
may be referred as the “M-of-N posture”) is provided by M-of-N filter 202 to posture
state classifier 204 on interface 206. If M of the most recent N postures is not a same
posture, M-of-N filter 202 may, in one embodiment, provide an indication on interface
206 that no valid M-of-N posture was detected. Alternatively, when no M-of-N posture
is detected, M-of-N filter 202 may instead repeat the indication of whichever posture
was the last M-of-N posture to be detected by M-of-N filter. This latter embodiment is
exemplified in the illustration of FIG. 15.

FIG. 15 is a timing diagram illustrating use of an M-of-N filter according to one
embodiment of the current disclosure. Assume this M-of-N filter is set to require that
three out of the past four posture indications provided by posture classifier 200 must be

the same posture for a posture indication to be provided on interface 206. Assume
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further that at time T0, M-of-N filter 202 is providing an indication of posture P1 on
interface 206 to indicate this was the most-recently detected M-of-N posture. This is as
shown on the Y axis of this graph. Also at time TO, it will be assumed the posture
classifier 200 provides an indication of posture P2 on interface 201 to M-of-N filter 202.
Such posture indications provided by posture classifier 200 are shown along the X axis
of the graph in correspondence with time.

At regular time intervals having a period S 450, additional posture indications
are provided on interface 201 to M-of-N filter 202. For instance, at times T1, T2, T3,
and T4, the indications of postures P1, P2, P1, and P2, respectively, are provided on this
interface, as shown along the X axis. As a result, at time T4, two out of the last four
postures were an indication of posture P1, and the remaining two out of the four
postures were an indication of posture P2. Thus, the requirement of three of the last
four postures being the same posture was not fulfilled. For this reason, in this
embodiment, M-of-N filter 202 continues to provide the indication of the previous M-
of-N posture, which is assumed to be posture P1 in this example.

At time T3, another indication is received that identifies posture P2. As a result,
three of the last four posture indications received from the posture classifier identify
posture P2. Therefore, the M-of-N filter now provides an indication of posture P2 on
interface 206, as shown by transition 452.

At times T6, T7, T8, and T9, the posture indications received by the M-of-N
filter from posture classifier 200 on interface 201 are P2, P1, P1, and P1, respectively.
The posture indicated by M-of-N filter 202 will not revert back to posture P1 until three
of the last four posture indications identifies posture P1. This occurs at time T9, as
shown by transition 454.

In a similar manner, the posture indicated by M-of-N filter 202 will not again
indicate posture P2 until three of the last four posture indications received from posture
classifier 200 are posture P2, as occurs at time T12, as illustrated by transition 456.

In the foregoing manner, the M-of-N filter 202 inserts a delay between the time
posture classifier 200 first identifies a posture change, and the time this posture change
becomes eligible to result in a re-classification of the patient’s posture state. For a

sample time of S 450, the minimum delay will be 3S. This occurs when three samples
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in succession are received that are indicative of the new posture indication. The
maximum delay will be 4S, which occurs when three samples are received indicating
the new posture, but these samples are included in a sequence of four samples that also
includes one sample of a different posture.

Thus, the selection of “M” and “N” can affect the amount of delay, as well as the
amount of variation between maximum and minimum delay times, that will occur
between the time posture classifier 200 provides a sample indicating a new posture and
the time that new posture is available to posture state classifier 204 to perform posture
state classification. The values “M” and “N” may be programmable. In one
embodiment, these values may be determined based on the current posture state data 55,
or they may be based on the last M-of-N posture indicated by the M-of-N posture filter
202. Alternatively or additionally, these values may be determined based on some other
variable condition within the system, such as a monitored physiological signal (e.g.,
blood pressure, heart rate, blood oxygen levels, etc.).

In one embodiment, “M” and “N”” may be selected based on the posture to which
the patient may be transitioning. For example, in one embodiment, whenever two of the
last three posture indications are of a posture other than the last-detected M-of-N
posture, that different posture may be used to re-select “M” and “N”. This may be
illustrated by returning to FIG. 15.

Assume at time TO, “M” and “N” are set to “3” and “4” according to the
foregoing discussion. Also, at time TO, the M-of-N posture is “P1”, as indicated along
the Y axis of the graph. At time T2, two of the last three postures indicate “P2”. Thus,
according to the alternative embodiment, the posture of P2 is used at time T2 to re-select
“M” and “N”. This re-selection may be performed by referencing system control
parameters 58, for instance, which may be stored within memory 36. Assume further
that the new values for M and N that are to be used for the potential new posture of P2
coincidentally happen to be 2 and 3, respectively. This alternative embodiment will
result in M-of-N filter 202 providing an indication of P2 at time T2, since two of the last
three postures received from posture classifier 200 were P2, satisfying the requirements
of the M-of-N filter. In another example, either M or N could be increased rather than

decreased, or one or both of these values could remain the same based on the potential
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new posture P2. In this manner, the values used to determine how M-of-N filter 202
operates may be selected based on a posture to which the patient may potentially be
transitioning.

In yet another embodiment, the specific transition may be used to select the
values of M and N. In this case, the previous M-of-N posture, as well as the potentially-
new posture (e.g., the posture indentified by the last two or three posture indications)
will be used in combination to identify the specific transition. This transition may be
used to select the values for the M-of-N posture. Transition-specific values for M and N
may be stored along with system control parameters 58 in memory, or stored in some
other data structure and/or storage device.

According to a variation of the foregoing, the value of N may be selected based
on the last-detected M-of-N posture. After a majority of the N signals are received that
identify a new posture, this new posture may be used to select the value for M.

Using any of the foregoing mechanisms, the last-detected M-of-N posture
indicated by the M-of-N posture filter 202, the potentially new M-of-N posture indicated
by the M-of-N posture filter, or both, may be used to determine the values for M and N.
Alternatively, current posture state data 55, or some other monitored condition within
the system, may be used for this purpose. The one or more values for M and N that are
available for use in the system may be stored in a data structure similar to that shown in
FIG. 9 for use with dwell times. In this manner, various values may be available for use,
with the values used at any particular time being automatically selected based on
monitored system conditions.

As discussed above, although the M-of-N filter 202 is illustrated as being used to
provide an M-of-N posture, it may likewise be used instead of, or in addition to, episode
detection 208 to determine an M-of-N activity state. For instance, after an activity state
classification is made using episode detection 208, an M-of-N filter may be used to
process this activity classification to obtain an M-of-N activity classification to provide
to posture state classifier 204. Alternatively, the M-of-N filter may replace episode
detection 208 to determine an M-of-N activity state classification to provide to posture
state classifier 204. In yet another embodiment, an M-of-N filter may be used to process

the posture state classifications provided by posture state classifier 204. This inserts
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additional processing steps to process the classification provided by posture state
classifier 204 before that classification is provided to dwell time logic 214.

In the foregoing manner, an M-of-N filter may be used to classify postures,
activity states, and/or posture states. If multiple such filters are employed for these
various purposes, the values for M and N may be different for the various filters.
Morcover, if the values for M and/or N are to be selected based on monitored
conditions, the conditions that are used to select the values for M and/or N may be
different for the various filters.

FIG. 16 is a flow diagram illustrating use of an M-of-N filter according to one
embodiment. This flow diagram will be described generally based on use of an M-of-N
filter to determine an M-of-N posture state, where the posture state may be based on
posture, activity or both. Thus, this description may be applied to use of the M-of-N
filter for any of the three embodiments discussed above involving posture, activity state,
and posture state classification.

First, initial values for M and N may be determined (460). This step may
optionally involve obtaining an initial value for the M-of-N posture state. One or more
of these values may be hard-coded, as determined by a device manufacturer.
Alternatively, one or more of these values may be programmable, as established by a
user such as a clinician. In one embodiment, these values may be periodically
automatically adjusted based on one or more monitored system conditions, as described
below.

A posture state classification may next be received (464). In one embodiment,
this posture state classification is based on operation of at least one of posture classifier
200, activity classifier 207, and posture state classifier 204.

Next, it may be determined whether the values for M and/or N are to be
changed (466). This step may be eliminated in an embodiment wherein these values are
hard-coded, or wherein these values do not change during the posture state classification
process. In another embodiment, this step may be placed at a different point in the
posture classification process.

If the values of M and/or N are not to be changed, execution continues to step

470. Otherwise, new values may be obtained for M and/or N (468). As discussed
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above, these values may be selected based on current posture state data 55, on the last-
detected M-of-N posture state, on a potentially new M-of-N posture state, on both the
last-detected and potentially-new M-of-N posture state (that is, the potential transition
involving the M-of-N posture state), and/or based on some other monitored condition
within the system.

At step 470, it is determined whether M of the last N classified posture states are
the same posture state. If so, the M-of-N posture state is updated to reflect the posture
state for which M of the last N posture states were the same (472). The M-of-N posture
state may then be used to classify the patient’s posture state 474. Processing may then
return to step 464 to receive another posture state classification. If, in step 470, M of the
last N posture state classifications are not a same posture classification, processing
continues to step 474, wherein no update occurs such that the previous value for the M-
of-N posture state is used to classify the patient’s posture state.

In the foregoing manner, dwell time logic 214, episode detection 210, and/or M-
of-N filter may be used in classifying posture states involving postures and/or activity
states. In all three cases, this logic is used to introduce stability into the system in a
similar manner. Dwell times are used to ensure that a patient remains in a posture state
some predetermined period of time before some corresponding action is taken. Episode
detection is used to ensure that for a posture state change to be recognized, a sensed
signal involving posture or activity crosses a predetermined boundary that has been
adjusted by the transition threshold, and further to ensure that no re-crossing of this
boundary occurs during the transition duration. Finally, an M-of-N filter may be used to
ensure that a posture state change is not recognized until a new posture and/or activity
state is reliably recognized during a time period that will be determined by the selection
of M and N. These three types of mechanisms, which may be used alone or in
conjunction with one another, ensure that actions will not be initiated as a result of
transitory posture and/or activity changes.

As previously discussed, any of the functions described above may be
implemented in hardware, firmware, software or any combination thereof. The various
parameters used to control operation of these functions may be hard-coded,

programmable, or some combination thercof. Additionally or alternatively, one or more
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of the parameters may be automatically periodically re-selected within the system based
on monitored conditions, including current posture state data 55 and/or other conditions.

Those skilled in the art will contemplate many alternative embodiments for the
techniques and mechanisms described herein. For instance, the functional block
diagram of FIG. 6 illustrates a two-tier system wherein a posture classifier 200 is used to
classify posture, an activity classifier 207 is employed to classify activity state, and a
posture state classifier 204 is used to classify posture state based on at least one of the
posture classification and the activity state classification. In another embodiment, this
two-tier system may be implemented as a single tier such that the posture state classifier
receives posture signals (e.g., as from interface 106 of FIG. 6) and/or activity signals
(c.g. as from interface 102) and compares these received signals to the posture state
definitions to classify a posture state involving at least one of the posture and activity
state. In this embodiment, any one or more of episode detector 208, M-of-N filter 202,
and dwell time logic 214 may be used to perform this posture state classification, and/or
to determine whether a particular response should be initiated as a result of the posture
state classification.

As stated above, any of M-of-N filter 202, episode detector 208, and dwell time
logic 214 may be adapted for, and used to perform, posture classification, activity state
classification and/or posture state classification that involve posture and activity state
classifications. As such, the various functional blocks of the various figures may be re-
arranged and re-partitioned. Thus, it will be appreciated that many embodiments may
be contemplated by those skilled in the art, and those described herein are merely

exemplary, with the scope of the invention to be defined by the Claims that follow.
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What 1s claimed is:

1. A medical device system, comprising:

a sensor that senses at least one signal indicative of a posture state of a living
body;

posture state detection logic that classifies the living body as being in a posture
state based on the at least one signal and that determines whether the living body is
classified in the posture state for at least a predetermined period of time; and

response logic that initiates a response as a result of the living body being
classified in the posture state only after the living body has maintained the classified

posture state for at least the predetermined period of time.

2. The system of Claim 1, further including a therapy delivery module that
delivers therapy to the living body, and wherein the response is a change in the therapy

delivered by the therapy delivery module.

3. The system of Claim 1, wherein the posture state detection logic includes
at least one of a posture classifier to classify the posture of the living body and an
activity classifier to classify the activity state of the living body, and wherein the
classification of the living body as being in a posture state is based on at least one of the

posture classification and the activity state classification.

4. The system of Claim 1, wherein the posture state detection logic includes
dwell time logic having one or more timers, cach to measure a respective dwell time that
commences at the time the living body is classified in the posture state; and

wherein upon expiration of each of the one or more timers, the response logic
initiates a respective response as a result of the body being classified in the posture state

only if the living body has not exited the posture state during the respective dwell time.
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5. The system of Claim 1, wherein the posture state detection logic includes
dwell time logic to automatically select a dwell time as the predetermined period of

time, selection being based on the posture state in which the living body is classified.

6. The system of Claim 5, selection further being based on a posture state in

which the living body was previously classified.

7. The system of Claim 1, wherein the posture state detection logic includes
dwell time logic to automatically select a dwell time as the predetermined period of
time, selection being based on at least one of a type of the response and a type of change

in the response.

8. The system of Claim 1, further including a user interface to allow a user

to select the predetermined period of time.

9. The system of Claim 1, wherein at least one of the sensors, the posture

state detection logic and the response logic are implantable in the living body.

10.  The system of Claim 1, wherein the posture state detection logic includes
an M-of-N filter that classifies the living body in the posture state only if M of a most-

recent N posture states in which the living body was classified are a same posture state.
11. The system of Claim 10, wherein at least one of M and N are
automatically selected based on at least one of the posture state in which the living body

is classified and a posture state in which the living body was previously classified.

12.  The system of Claim 10, wherein at least one of M and N are selectable

by a user.
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13.  The system of Claim 1, wherein the posture state detection logic includes
an episode detector that detects a posture state episode based on a definition of the

posture state, and a transition threshold that adjusts a boundary of the definition.

14.  The system of Claim 13, wherein the episode detector automatically
selects the transition threshold based on a direction in which the at least one signal

crosses the adjusted boundary.

15.  The system of Claim 13, wherein the predetermined period of time is a
transition duration, and wherein the episode detector classifies the living body as being
in the posture state if the at least one signal crosses the adjusted boundary and does not

re-cross the adjusted boundary for at least the transition duration.

16.  The system of Claim 1, wherein the sensor is a three-axis accelerometer.

17.  The system of Claim 16, wherein the medical device is an implantable
neurostimulation system further comprising a therapy delivery module to deliver

electrical stimulation to the living body.

18.  The system of Claim 1, wherein the response logic initiates a notification

as a result of the living body being classified in the posture state.

19.  The system of Claim 1, wherein the response logic initiates storing of

data as a result of the living body being classified in the posture state.

20. A medical system to provide therapy to a living body, comprising:
a sensor;
posture state detection logic to receive at least one signal from the sensor
and to employ the at least one signal to classify a posture state of the living body;
a therapy module to control the therapy provided to the living body based

on the classification; and
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a programmer to program the posture state detection logic to determine
whether, after the living body is classified in a posture state, the living body maintains
the posture state for a predetermined period of time, and if so, the posture state detection
logic to provide an indication to allow the therapy module to adjust the therapy in

response to the posture state, and otherwise, to allow the therapy to remain unchanged.

21.  The system of Claim 20, wherein the sensor, posture state detection

logic, and therapy module are implantable within the living body.

22.  The system of Claim 21, wherein the sensor is a three-axis accelerometer.

23.  The system of Claim 21, further comprising dwell time logic to
automatically adjust the predetermined period of time based on the posture state in

which the living body is classified.

24.  The system of Claim 21, wherein the dwell time logic automatically
selects the predetermined period of time based on whether levels of the therapy will

increase or decrease in response to the posture state.

25. The system of Claim 20, wherein the programmer includes a user

interface to allow a user to select the predetermined period of time.

26.  The system of Claim 20, wherein the posture state detection logic
classifies the posture state based on one or more posture state definitions defined by a

Uuser.

27. The system of Claim 20, wherein the posture state detection logic
includes an M-of-N filter to determine whether M of the last N posture state
classifications is a same posture state, and if so, to provide an indication to allow the
therapy module to adjust the therapy in response to the posture state, and otherwise, to

allow the therapy to remain unchanged.
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28.  The system of Claim 27, wherein the predetermined period of time is

determined by selection of at least one of M and N.

29.  The system of Claim 20, wherein one or more posture state definitions
are created to classify the posture state of the living body, wherein the posture state
detection logic includes an episode detector to adjust a boundary of a posture state
definition to determine whether an episode of the posture state has been detected, and if
so, to provide an indication to allow the therapy module to adjust the therapy in

response to the posture state, and otherwise, to allow the therapy to remain unchanged.

30.  The system of Claim 29, wherein the boundary is automatically adjusted
by an amount determined by whether the at least one signal is trending upward or

trending downward.

31.  The system of Claim 29, wherein the boundary is automatically adjusted
by an amount determined by at least one of the posture state and a posture state in which

the living body was previously classified.

32.  The system of Claim 20, wherein the therapy is adjusted to a new target
level over a therapy adjustment time according to a therapy adjustment function,
wherein at least one of the therapy adjustment time and the therapy adjustment function

is programmably selected.

33. A method, comprising;:

receiving at least one signal from a sensor;

classifying a living body as being in any of multiple defined posture states based
on the at least one signal; and

determining whether the living body is classified as remaining in a posture state
for a predetermined period of time, and if so, automatically initiating via a response

module a response that is determined based on the posture state.
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34.  The method of Claim 33, further comprising delivering a therapy to the
living body, and wherein the response involves changing the therapy being delivered

based on the posture state.

35.  The method of Claim 33, further comprising:

automatically selecting the predetermined period of time based on the posture
state;

employing a timer to measure the predetermined period of time; and

if the predetermined period of time elapses before the living body has exited the

posture state, automatically initiating the response.

36.  The method of Claim 33, further comprising automatically selecting the

predetermined period of time based on a type of the response.

37.  The method of Claim 33, further comprising automatically selecting the
predetermined period of time based on a change in therapy that would result if the

response were initiated.

38.  The method of Claim 33, further including receiving from a user at least

one value identifying the predetermined period of time.

39.  The method of Claim 33, wherein determining whether the living body is
classified in the same posture state includes determining whether an episode of the
posture state was detected for the living body, the episode being detected by adjusting a
definition associated with the multiple defined posture states via a transition threshold,
and determining whether the at least one signal satisfies the adjusted definition for a

time period of not less than a transition duration.

40.  The method of Claim 39, further including:

monitoring one or more conditions of the living body; and

64



WO 2010/005809 PCT/US2009/048852

automatically selecting at least one of the transition threshold and the transition

duration based on at least one of the monitored conditions of the living body.

41.  The method of Claim 33 wherein determining whether the living body is
5 classified in the same posture state includes determining whether an episode of an

activity state was detected for the living body.

42. The method of Claim 33, wherein determining whether the living body is

classified in the same posture state includes determining whether M out of the last N

10 times the living body was classified as being in any of the multiple defined posture
states, the living body was classified as being in a same one of the multiple defined

posture states.

43.  The method of Claim 42, further including:
15 monitoring one or more conditions of the living body; and
automatically selecting at least one of N and M based on the monitored one or

more conditions.
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