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Description
BACKGROUND

[0001] A variety of medical devices are used for chron-
ic, e.g.,long-term, delivery of therapy to patients suffering
from a variety of conditions, such as chronic pain, tremor,
Parkinson’s disease, epilepsy, urinary or fecal inconti-
nence, sexual dysfunction, obesity, or gastroparesis. As
examples, electrical stimulation generators are used for
chronic delivery of electrical stimulation therapies such
as cardiac pacing, neurostimulation, muscle stimulation,
or the like. Pumps or other fluid delivery devices may be
used for chronic delivery of therapeutic agents, such as
drugs. Typically, such devices provide therapy continu-
ously or periodically according to parameters contained
within a program. A program may comprise respective
values for each of a plurality of parameters, specified by
a clinician.

[0002] In some cases, the patient may be allowed to
activate and/or modify the therapy delivered by the med-
ical device. For example, a patient may be provided with
a patient programming device. The patient programming
device communicates with a medical device to allow the
patient to activate therapy and/or adjust therapy param-
eters. Forexample, animplantable medical device (IMD),
such as an implantable neurostimulator, may be accom-
panied by an external patient programmer that permits
the patient to activate and deactivate neurostimulation
therapy and/or adjust the intensity of the delivered neu-
rostimulation. The patient programmer may communi-
cate with the IMD via wireless telemetry to control the
IMD and/or retrieve information from the IMD.

[0003] US2005/0060001 and US 2007/0150029 teach
systems for detecting patient adjustment to electrical
stimulation therapy and sensing a patient posture accord-
ing to the first pact of the independent claims.

SUMMARY

[0004] The invention provides a system, programmer
and implantable device as defined in the independent
claims.

[0005] Other examples described are provided for
background only.

[0006] In general, the disclosure provides a method for
associating detected patient therapy adjustments with a
posture state and storing the associations. The system
may determine the associations intended by the patient
through implementation of a posture search timer and a
posture stability timer that track therapy adjustments and
posture state changes in real time. Since some patients
make therapy adjustments in anticipation of changing to
a different posture state, instead of making changes once
in the desired posture state, these timers may allow the
system to correctly associate therapy adjustments to
posture states made before the patient engaged in the
posture state or current posture states.
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[0007] The associations of the therapy adjustments
with posture states may be used in a record mode for
later review. An implantable medical device (IMD) or ex-
ternal programmer may be configured to store multiple
therapy adjustments for each posture state and allow a
user to find efficacious therapy based upon review of the
associations stored for each posture state. The recorded
therapy adjustments may be presented as a range of
therapy parameters to focus the user on acceptable ther-
apy parameters for each of the posture states. In this
manner, the patient and/or physician may be able to fine-
tune stimulation therapy for the patient.

[0008] The associations of therapy adjustments with
posture states also may allow the user to set nominal
therapy parameters for a plurality of programs with a sin-
gle action, such as one click of a confirmation input on
an input device of a user interface. The nominal therapy
parameters may be previously adjusted values for ther-
apy parameters that support effective therapy. A single
action, such as a one-click confirmation, prevents the
user from having to set the therapy parameters for each
program of each group in each posture state on an indi-
vidual basis.

[0009] Further, in some examples, the system may
provide a suggested therapy parameter for each of the
plurality of individual programs based upon the therapy
adjustment information that includes the associations.
The system may implement a guided programming proc-
ess that is used to generate the suggested therapy pa-
rameters and limit programming time needed from the
clinician.

[0010] In addition, the system may be capable of only
associating therapy adjustments that have been intend-
ed by the patient for only a particular posture state. If the
system recognizes that a received therapy adjustment is
outside of a historical range of the prior stored therapy
adjustments, the system may not make the association
of the therapy adjustment to the posture state. However,
the system may prompt the user to confirm the associa-
tion and only make the association once the confirmation
is received.

[0011] Inoneexample, the disclosure provides a meth-
od comprising detecting a plurality of patient adjustments
to electrical stimulation therapy delivered to a patient dur-
ing multiple instances of a sensed posture state, associ-
ating the detected patient adjustments with the sensed
posture state of the patient, and storing the associations
of the detected patient adjustments with the sensed pos-
ture state in a memory.

[0012] In another example, the disclosure provides a
system comprising an input device that receives a plu-
rality of patient adjustments to electrical stimulation ther-
apy delivered to a patient during multiple instances of a
sensed posture state, a processor that associates the
received patient adjustments with the sensed posture
state of the patient, and a memory that stores the asso-
ciations of the received patient adjustments with the
sensed posture state in a memory.
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[0013] In another example, the disclosure provides an
external programmer for an implantable medical device,
the programmer comprising an input device that receives
a plurality of patient adjustments to electrical stimulation
therapy delivered to the patient by the implantable med-
ical device during multiple instances of a sensed posture
state, a telemetry interface that receives a sensed pos-
ture state from the implantable medical device and trans-
mits the received patient adjustments to the implantable
medical device, a processor that associates the received
patient adjustments with the sensed posture state of the
patient, and a memory that stores the associations of the
received adjustments with the sensed posture state in a
memory.

[0014] In another example, the disclosure provides An
implantable medical device comprising a stimulation
generator that delivers electrical stimulation therapy to a
patient, a posture sensing module that senses a posture
state of the patient, a telemetry interface that receives
patient adjustments to the electrical stimulation therapy
from an external programmer during multiple instances
of a plurality of sensed postured states, a processor that
associates the received adjustments with a sensed pos-
ture state of the patient, and a memory that stores the
associations of the received adjustments with the sensed
posture state in a memory.

[0015] In another example, the disclosure provides a
method comprising detecting a patient adjustment to
electrical stimulation therapy delivered to the patient,
sensing a posture state of the patient, and associating
the detected adjustment with the sensed posture state if
the sensed posture state is sensed within a first period
following the detection of the adjustment and if the
sensed posture state does not change during a second
period following the sensing of the sensed posture state.
[0016] In another example, the disclosure provides a
system comprising a user interface configured to detect
a patient adjustment to electrical stimulation therapy de-
livered to the patient, a posture state module that senses
a posture state of the patient, and a processor that as-
sociates the detected adjustment with the sensed pos-
ture state if the sensed posture state is sensed within a
first period following the detection of the adjustment and
if the sensed posture state does not change during a
second period following the sensing of the sensed pos-
ture state.

[0017] In another example, the disclosure provides an
external programmer for an implantable medical device
comprising a user interface that receives patient adjust-
ments to electrical stimulation therapy delivered to the
patient by the implantable medical device, a telemetry
interface that receives a sensed posture state from the
implantable medical device and transmits the received
adjustments to the implantable medical device, a proc-
essor that associates the detected adjustment with the
sensed posture state if the sensed posture state is
sensed within a first period following the detection of the
adjustment and if the sensed posture state does not
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change during a second period following the sensing of
the sensed posture state, and a memory that stores the
associations of the received adjustments with the sensed
posture state in a memory.

[0018] Inanother example, the disclosure provides an
implantable medical device comprising a stimulation
generator that delivers electrical stimulation therapy to a
patient, a telemetry interface that receives patient adjust-
ments to the electrical stimulation therapy from an exter-
nal programmer, a posture sensing module that senses
a posture state of the patient, a processor that associates
the received adjustments with the sensed posture state
if the sensed posture state is sensed within a first period
following the receiving ofthe adjustment and if the sensed
posture state does not change during a second period
following the sensing of the sensed posture state, and a
memory that stores the associations of the received ad-
justments with the sensed posture state in a memory.
[0019] In another example, the disclosure provides a
method comprising presenting therapy adjustment infor-
mation to a user via a user interface, wherein the therapy
adjustment information includes one or more therapy ad-
justments made by a patient to at least one stimulation
parameter of one or more stimulation therapy programs
for one or more patient posture states, receiving input
from the user that selects one or more nominal therapy
parameters for each of the therapy programs and for each
of the posture states based on the therapy adjustment
information, and setting the selected nominal therapy pa-
rameters for each of the therapy programs and posture
states for use in delivering stimulation therapy to the pa-
tient.

[0020] In another example, the disclosure provides a
system comprising a memory that stores therapy adjust-
ment information that includes one or more therapy ad-
justments made by a patient to at least one stimulation
parameter of one or more stimulation therapy programs
for one or more patient posture states, a user interface
that presents the therapy adjustment information to a us-
er and receives input from the user that selects one or
more nominal therapy parameters for each of the therapy
programs and for each of the posture states based on
the therapy adjustment information, and a processor that
sets the selected nominal therapy parameters for each
of the therapy programs and posture states for use in
delivering stimulation therapy to the patient.

[0021] Inanother example, the disclosure provides an
external programmer for an implantable medical device
comprising a user interface that presents therapy adjust-
ment information to a user via a user interface, wherein
the therapy adjustment information includes one or more
therapy adjustments made by a patient to at least one
stimulation parameter of one or more stimulation therapy
programs for one or more patient posture states, and
receives input from the user that selects one or more
nominal therapy parameters for each of the therapy pro-
grams and for each of the posture states based on the
therapy adjustment information, and a processor that
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sets the selected nominal therapy parameters for each
of the therapy programs and posture states for use in
delivering stimulation therapy to the patient.

[0022] In another example, the disclosure provides a
method comprising receiving therapy adjustment infor-
mation that includes therapy adjustments made by a pa-
tient to at least one parameter of one or more stimulation
therapy programs for one or more patient posture states,
generating one or more suggested therapy parameters
for one or more of the stimulation therapy programs
based on the therapy adjustment information, and pre-
senting the suggested therapy parameters to a user.
[0023] In another example, the disclosure provides a
programming device for an implantable medical device,
the programmer comprising a processor configured to
generate one or more suggested therapy parameters for
one or more stimulation therapy programs delivered by
the implantable medical device based on therapy adjust-
ment information, wherein the therapy adjustment infor-
mation includes therapy adjustments made by a patient
to at least one parameter of the stimulation therapy pro-
grams for one or more patient posture states, and a user
interface that presents the suggested therapy parame-
ters to a user and receives input from the user selecting
at least some of the suggested therapy parameters,
wherein the processor sets the selected suggested ther-
apy parameters to at least partially define the respective
therapy programs for the respective posture states.
[0024] In another example, the disclosure provides a
method comprising receiving a patient therapy adjust-
ment to a parameter of a therapy program that defines
electrical stimulation therapy delivered to the patient,
identifying a posture state of the patient, and associating
the patient therapy adjustment with the posture state
when the patient therapy adjustment is within a range
determined based on stored adjustment information for
the identified posture state.

[0025] In another example, the disclosure provides a
system comprising a user interface thatreceives a patient
therapy adjustment to a parameter of a therapy program
that defines electrical stimulation therapy delivered to the
patient, and a processor that identifies a posture state of
the patient, associates the patient therapy adjustment
with the posture state when the patient therapy adjust-
ment is within a range determined based on stored ad-
justment information for the identified posture state.
[0026] The details of one or more aspects of the dis-
closure are set forth in the accompanying drawings and
the description below. Other features, objects, and ad-
vantages will be apparent from the description and draw-
ings, and from the claims.

BRIEF DESCRIPTION OF THE DRAWINGS
[0027]

FIG. 1A is a conceptual diagram illustrating an im-
plantable stimulation system including two implant-
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able stimulation leads.

FIG. 1B is a conceptual diagram illustrating an im-
plantable stimulation system including three implant-
able stimulation leads.

FIG. 1C is a conceptual diagram illustrating an im-
plantable drug delivery system including a delivery
catheter.

FIG. 2 is a conceptual diagram illustrating an exam-
ple patient programmer for programming stimulation
therapy delivered by an implantable medical device.
FIG. 3 is a conceptual diagram illustrating an exam-
ple clinician programmer for programming stimula-
tion therapy delivered by an implantable medical de-
vice.

FIG. 4 is a functional block diagram illustrating var-
ious components of an implantable electrical stimu-
lator.

FIG. 5 is a functional block diagram illustrating var-
ious components of an implantable drug pump.
FIG. 6 is a functional block diagram illustrating var-
ious components of an external programmer for an
implantable medical device.

FIG. 7 is a block diagramiillustrating an example sys-
tem that includes an external device, such as a serv-
er, and one or more computing devices that are cou-
pled to an implantable medical device and external
programmer shown in FIGS. 1A-1C via a network.
FIGS. 8A-8C are conceptual illustrations of posture
cones that may be used to define a posture state of
a patient based on signals sensed by a posture state
sensor.

FIG. 9 is a conceptual diagram illustrating an exam-
ple user interface of a patient programmer for deliv-
ering therapy information to the patient.

FIG. 10 is a conceptual diagram illustrating an ex-
ample user interface of a patient programmer for de-
livering therapy information that includes posture in-
formation to the patient.

FIGS. 11A and 11B are conceptual diagrams illus-
trating an example user interface for orienting an im-
plantable medical device with patient posture states
prior to diagnostic or therapy use of the implantable
medical device.

FIGS. 12A and 12B are conceptual diagrams illus-
trating an example user interface to determine ori-
entation of an implantable medical device without
requiring each posture state for orientation.

FIG. 13 is a conceptual diagram illustrating example
posture search and posture stability timers with only
one posture state.

FIG. 14 is a conceptual diagram illustrating example
posture search and posture stability timers with one
change in posture state.

FIG. 15is a conceptual diagram illustrating example
posture search and posture stability timers with two
changes in posture states.

FIG. 16 is a conceptual diagram illustrating example
posture search and posture stability timers with the
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last posture state change occurring outside of the
posture search timer.

FIG. 17 is a flow diagram illustrating an example
method for associating a received therapy adjust-
ment with a posture state.

FIG. 18 is a conceptual diagram illustrating an ex-
ample user interface for initiating the record mode
that stores therapy adjustments for each posture
state.

FIG 19is a conceptual diagram illustrating an exam-
ple user interface showing stored adjustment infor-
mation and allowing one-click programming.

FIG. 20 is a conceptual diagram illustrating an ex-
ample user interface showing user selection of a pro-
gram group.

FIG. 21 is a conceptual diagram illustrating an ex-
ample user interface showing user selection ofa pos-
ture state.

FIG. 22 is a conceptual diagram illustrating an ex-
ample user interface showing stored adjustment in-
formation for all posture states of a program group
to allow one-click programming.

FIG. 23 is a conceptual diagram illustrating an ex-
ample user interface showing detailed adjustment
information associated with FIG. 22.

FIGS. 24A and 24B are conceptual diagrams illus-
trating an example user interface showing maximum
and minimum therapy adjustments associated for
each posture state.

FIG. 25A is a conceptual diagram illustrating an ex-
ample user interface showing quantified therapy ad-
justments for each posture state.

FIG. 25B is a conceptual diagram illustrating an ex-
ample user interface showing quantified therapy ad-
justments for each posture state in all groups and a
specified group.

FIG 26 is a conceptual diagram illustrating an exam-
ple user interface showing stored adjustment infor-
mation for all posture states of a program group to
allow one-click programming.

FIG. 27 is a flow diagram illustrating an example
method for associating therapy adjustments with
posture states during a record mode.

FIG. 28 is a flow diagram illustrating an example
method for displaying suggested parameters and re-
ceiving an accept input from the user for one-click
programming.

FIG 29 is a conceptual diagram illustrating an exam-
ple user interface presenting suggested therapy pa-
rameters for each program of a program group in
guided programming.

FIG. 30 is a conceptual diagram illustrating an ex-
ample user interface showing different guided algo-
rithms selectable by the user for guided program-
ming.

FIG. 31 is a flow diagram illustrating an example
method for generating a suggested therapy param-
eter for each therapy program and receiving a con-
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firmation input from the user.

FIG. 32 is a flow diagram illustrating an example
method for correcting a therapy adjustment associ-
ated with an unintended posture state.

DETAILED DESCRIPTION

[0028] In some medical devices that deliver electrical
stimulation therapy, therapeutic efficacy may change as
the patient changes between different posture states. In
general, a posture state may refer to a patient posture or
a combination of posture and activity. For example, some
posture states, such as an upright posture state, may be
subcategorized as upright and active or upright and in-
active. Other posture states, such as lying down posture
states, may or may not have an activity component. Ef-
ficacy may refer, in general, to a combination of complete
or partial alleviation of symptoms alone, orin combination
with some degree of undesirable side effects.

[0029] Changes in posture state may cause changes
in efficacy due to changes in distances between elec-
trodes or other therapy delivery elements, e.g., due to
temporary migration of leads or catheters caused by forc-
es or stresses associated with different postures of the
patient, or from changes in compression of patient tissue
in different posture states. Also, posture state changes
may present changes in symptoms or symptom levels,
e.g., pain level. To maintain therapeutic efficacy, it may
be desirable to adjust therapy parameters based on dif-
ferent postures and/or activities engaged by the patient
to maintain effective stimulation therapy. Therapy param-
eters may be adjusted individually and directly or by se-
lecting different programs or groups of programs defining
different sets of therapy parameters.

[0030] A change in efficacy due to changes in posture
state may require the patient to continually manage ther-
apy by manually adjusting certain therapy parameters,
such as amplitude, pulse rate, pulse width, electrode
combination, or electrode polarity, or selecting different
therapy programs to achieve more efficacious therapy
throughout many different posture states. In some cases,
a medical device may employ a posture state detector
that detects the patient posture state. The medical device
may subsequently adjust therapy parameters in re-
sponse to different posture states. Therapy adjustments
in response to different posture states may be fully au-
tomatic, semi-automatic in the sense that a user may
provide approval of proposed changes, or user-directed
in the sense that the patient may manually adjust therapy
based on the posture state indication.

[0031] Stimulation therapy may be provided to a pa-
tient in order to relieve symptoms from any number of
conditions and diseases. An implantable medical device
(IMD) that delivers stimulation therapy may also employ
a posture state sensor that is configured to sense which
posture state the patientis engaged. The sensed posture
state may then be associated with therapy adjustments
made manually by the patient, i.e., patient adjustments,
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during the sensed posture state or multiple instances of
the sensed posture state to allow a user to review the
associations and modify stimulation parameters to better
treat the patient.

[0032] When the patient makes a patient therapy ad-
justment, i.e., a change to one of the stimulation param-
eters that define the stimulation therapy, the therapy ad-
justment is intended for a particular posture state. Al-
though most therapy adjustments may be made and in-
tended for the posture state currently occupied by the
patient, sometimes the patient may anticipate the next
posture state and make the manual patient adjustment
prior to moving to the intended posture state. Therefore,
the system must associate the therapy adjustment with
the anticipated posture state that the patient intends to
occupy.

[0033] Toaccomplish this association, the system may
implement a posture search timer for each instance of a
sensed posture state, i.e., each time that a posture state
is sensed. The posture search timer may have a search
period and a posture stability timer may have a stability
period that, when used together, allow the system to as-
sociate a therapy adjustment to a later posture state. The
therapy adjustment is only associated with the final pos-
ture state if the final posture state is sensed within the
search period of the posture state timer and continues
for atleast the stability period of the posture stability timer.
Inthis sense, the system may correctly associate therapy
parameters with posture states that the patient intended
without making unintended associations.

[0034] In another example, the system may enter a
record mode that stores associations between therapy
adjustments and posture states. The record mode may
permit monitoring of patient therapy adjustments for mul-
tiple posture states over a period of time to aid in selection
of automated therapy adjustments for use in delivery of
posture-responsive therapy. Even when a therapy ad-
justment is made for a therapy program and posture state
in which a therapy adjustment has already been made,
all previously stored therapy adjustments may be main-
tained in memory to populate the therapy adjustment in-
formation used in the record mode. Association of a ther-
apy adjustment with a posture state may permit a user
to identify the posture state for which the patientintended
to make the therapy adjustment.

[0035] An external programmer, such as a clinician
programmer, may present the therapy adjustment infor-
mation to the user viaan output device of a userinterface.
For example, the presented therapy adjustment informa-
tion may include minimum and/or maximum amplitude
values from the therapy adjustments, the average am-
plitude value of the therapy adjustments, or the quantified
number of therapy adjustments for each therapy program
in each posture state. The user may then modify therapy
parameters for one or more programs or program groups
of programs based upon the presented information.
[0036] In other examples, the associations of therapy
adjustments to posture states also may allow the user to
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quickly program stimulation parameters for therapy. An
output device of the user interface of an external pro-
grammer, e.g., the clinician programmer, may present
stimulation parameters, or a nominal therapy parameter,
for each of the plurality of therapy programs from the
therapy adjustments. The nominal therapy parameter
may be a therapy parameter selected from the therapy
adjustments stored in the IMD. The nominal therapy ad-
justment may not be weighted or calculated according to
an algorithm. An input device of the user interface may
then allow the user to set the presented nominal therapy
parameter to all therapy programs by receiving just one
confirmation input from the user. The nominal therapy
parameter may be the minimum amplitude of the therapy
adjustments or the last therapy adjustments used, for
example.

[0037] An output device of the user interface may also
present a suggested therapy parameter based upon the
therapy adjustments for each of the individual therapy
programs. The user may then select or confirm the sug-
gested therapy parameters for all of the plurality of ther-
apy programs with one confirmation input via an input
device of the user interface. Specifically, the suggested
therapy parameter may be generated from a guided al-
gorithm created to find the most efficacious therapy for
the patient, instead of just a therapy adjustment stored
in the IMD. The guided algorithm may implement any one
or more of weighted averages, therapy adjustment
trends, safe guards to protect against overstimulation, or
any other factors. In this manner, the clinician may not
be burdened with the time needed to find the most effi-
cacious therapy parameters for the patient, and each
time the patient enters a different posture state, the ther-
apy programs will deliver therapy with the most appro-
priate therapy parameters.

[0038] An input device and output device may be re-
ferred to collectively as a user interface. In some cases,
the input and output devices may be associated with dif-
ferent devices. For example, in some cases, therapy ad-
justments may be made by a patient via a user interface
associated with a patient programmer. Some informa-
tion, such as information relating to therapy adjustments,
postures, and the like, may be presented to a user via a
clinician programmer or other device. In other cases, the
input and output device may be associated with the same
programmer. For example, a clinician programmer may
present information relating to therapy adjustments and
postures via an output device, and receive programming
information from a user via an input device.

[0039] In addition, a programmer may be capable of
associating therapy adjustments that have been intend-
ed by the patient for only a particular posture state. If the
programmer recognizes that a received therapy adjust-
ment is outside of a historical range of the prior stored
therapy adjustments, the programmer may not make the
association of the therapy adjustment to the posture
state. However, the programmer may prompt the user to
confirm the association and only make the association
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once the confirmation is received.

[0040] Various aspects of the techniques described in
this disclosure may be provided in an implantable med-
ical device (IMD), an external programmer for the IMD
or a combination of both. For example, processors in the
implantable medical device and external programmer
may perform various functions such as recording of ther-
apy adjustment associations with particular programs
and posture states.

[0041] In cases where association is performed by the
IMD, therapy adjustments may be transmitted to the IMD
from the programmer for not only adjustment of therapy
delivered by the IMD, but also for use by the IMD in as-
sociating the adjustments with pertinent programs and
postures states to support a recording mode for collection
of such associations. In cases where association is per-
formed by the external programmer, sensed posture
states may be transmitted to the programmer from the
IMD for not only recording and presentation of posture
states, but also for use by the programmer in associating
the adjustments with pertinent programs and postures
states to support a recording mode for collection of such
associations.

[0042] Hence, in many instances, functionality de-
scribed in this disclosure may be performed by the IMD,
the programmer, or a combination of both. Therefore,
examples that described particular functionality in the
IMD or programmer should not be considered limiting of
the techniques, devices and systems, as broadly de-
scribed in this disclosure.

[0043] FIG. 1A is a schematic diagram illustrating an
implantable stimulation system 10 including a pair of im-
plantable electrode arrays in the form of stimulation leads
16A and 16B. Although the techniques described in this
disclosure may be generally applicable to a variety of
medical devices including external and implantable med-
ical devices (IMDs), application of such techniques to
IMDs and, more particularly, implantable electrical stim-
ulators such as neurostimulators will be described for
purposes of illustration. More particularly, the disclosure
will refer to an implantable spinal cord stimulation (SCS)
system for purposes of illustration, but without limitation
as to other types of medical devices.

[0044] As shown in FIG. 1A, system 10 includes an
IMD 14 and external programmer 20 shown in conjunc-
tion with a patient 12. In the example of FIG. 1A, IMD 14
is an implantable electrical stimulator configured for spi-
nal cord stimulation (SCS), e.g., for relief of chronic pain
or other symptoms. Again, although FIG. 1A shows an
implantable medical device, other embodiments may in-
clude an external stimulator, e.g., with percutaneously
implanted leads. Stimulation energy is delivered from
IMD 14 to spinal cord 18 of patient 12 via one or more
electrodes ofimplantable leads 16A and 16B (collectively
"leads 16"). In some applications, such as spinal cord
stimulation (SCS) to treat chronic pain, the adjacent im-
plantable leads 16 may have longitudinal axes that are
substantially parallel to one another.
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[0045] Although FIG. 1A is directed to SCS therapy,
system 10 may alternatively be directed to any other con-
dition that may benefit from stimulation therapy. For ex-
ample, system 10 may be used to treat tremor, Parkin-
son’s disease, epilepsy, urinary or fecal incontinence,
sexual dysfunction, obesity, or gastroparesis. In this
manner, system 10 may be configured to provide therapy
taking the form of deep brain stimulation (DBS), pelvic
floor stimulation, gastric stimulation, or any other stimu-
lation therapy. Inaddition, patient 12 is ordinarily ahuman
patient.

[0046] Each of leads 16 may include electrodes (not
shown in FIG. 1), and the parameters for a program that
controls delivery of stimulation therapy by IMD 14 may
include information identifying which electrodes have
been selected for delivery of stimulation according to a
stimulation program, the polarities of the selected elec-
trodes, i.e., the electrode configuration for the program,
and voltage or current amplitude, pulse rate, and pulse
width of stimulation delivered by the electrodes. Delivery
of stimulation pulses will be described for purposes of
illustration. However, stimulation may be delivered in oth-
er forms such as continuous waveforms. Programs that
control delivery of other therapies by IMD 14 may include
other parameters, e.g., such as dosage amount, rate, or
the like for drug delivery.

[0047] In the example of FIG. 1A, leads 16 carry one
or more electrodes that are placed adjacent to the target
tissue of the spinal cord. One or more electrodes may be
disposed at a distal tip of a lead 16 and/or at other posi-
tions atintermediate points along the lead. Leads 16 may
be implanted and coupled to IMD 14. Alternatively, as
mentioned above, leads 16 may be implanted and cou-
pled to an external stimulator, e.g., through a percutane-
ous port. In some cases, an external stimulator may be
a trial or screening stimulation that used on a temporary
basis to evaluate potential efficacy to aid in consideration
of chronicimplantation for a patient. In additional embod-
iments, IMD 14 may be a leadless stimulator with one or
more arrays of electrodes arranged on a housing of the
stimulator rather than leads that extend from the housing.
[0048] The stimulation may be delivered via selected
combinations of electrodes carried by one or both of leads
16. The target tissue may be any tissue affected by elec-
trical stimulation energy, such as electrical stimulation
pulses or waveforms. Such tissue includes nerves,
smooth muscle, and skeletal muscle. In the example il-
lustrated by FIG. 1A, the target tissue is spinal cord 18.
Stimulation of spinal cord 18 may, for example, prevent
pain signals from traveling through the spinal cord and
to the brain of the patient. Patient 12 may perceive the
interruption of pain signals as a reduction in pain and,
therefore, efficacious therapy results.

[0049] The deployment of electrodes via leads 16 is
described for purposes of illustration, but arrays of elec-
trodes may be deployed in different ways. For example,
ahousing associated with aleadless stimulator may carry
arrays of electrodes, e.g., rows and/or columns (or other
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patterns), to which shifting operations may be applied.
Such electrodes may be arranged as surface electrodes,
ring electrodes, or protrusions. As a further alternative,
electrode arrays may be formed by rows and/or columns
of electrodes on one or more paddle leads. In some em-
bodiments, electrode arrays may include electrode seg-
ments, which may be arranged at respective positions
around a periphery of a lead, e.g., arranged in the form
of one or more segmented rings around a circumference
of a cylindrical lead.

[0050] In the example of FIG. 1A, stimulation energy
is delivered by IMD 14 to the spinal cord 18 to reduce
the amount of pain perceived by patient 12. As described
above, IMD 14 may be used with a variety of different
pain therapies, such as peripheral nerve stimulation
(PNS), peripheral nerve field stimulation (PNFS), DBS,
cortical stimulation (CS), pelvic floor stimulation, gastric
stimulation, and the like. The electrical stimulation deliv-
ered by IMD 14 may take the form of electrical stimulation
pulses or continuous stimulation waveforms, and may be
characterized by controlled voltage levels or controlled
current levels, as well as pulse width and pulse rate in
the case of stimulation pulses.

[0051] In some examples, IMD 14 may deliver stimu-
lation therapy according to one or more programs. A pro-
gram defines one or more parameters that define an as-
pect of the therapy delivered by IMD 14 according to that
program. For example, a program that controls delivery
of stimulation by IMD 14 in the form of pulses may define
a voltage or current pulse amplitude, a pulse width, a
pulse rate, for stimulation pulses delivered by IMD 14
according to that program. Moreover, therapy may be
delivered according to multiple programs, wherein mul-
tiple programs are contained within each of a multiple of
groups.

[0052] Each program group may supportan alternative
therapy selectable by patient 12, and IMD 14 may deliver
therapy according to the multiple programs. IMD 14 may
rotate through the multiple programs of the group when
delivering stimulation such that numerous conditions of
patient 12 are treated. As an illustration, in some cases,
stimulation pulses formulated according to parameters
defined by different programs may be delivered on atime-
interleaved basis. For example, a group may include a
program directed to leg pain, a program directed to lower
back pain, and a program directed to abdomen pain. In
this manner, IMD 14 may treat different symptoms sub-
stantially simultaneously.

[0053] During use of IMD 14 to treat patient 12, move-
ment of patient 12 among different posture states may
affect the ability of IMD 14 to deliver consistent efficacious
therapy. For example, leads 16 may migrate toward IMD
14 when patient 12 bends over, resulting in displacement
of electrodes and possible disruption in delivery of effec-
tive therapy. Stimulation energy transferred to target tis-
sue may be reduced due to electrode migration, causing
reduced efficacy in terms of relief of symptoms such as
pain. As another example, leads 16 may be compressed
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towards spinal cord 18 when patient 12 lies down. Such
compression may cause an increase in the amount of
stimulation energy transferred to target tissue. In this
case, the amplitude of stimulation therapy may need to
be decreased to avoid causing patient 12 additional pain
or unusual sensations, which may be considered unde-
sirable side effects that undermine overall efficacy.
[0054] Also, posture state changes may present
changes in symptoms or symptom levels, e.g., pain level.
In some examples, to avoid interruptions in effective ther-
apy, IMD 14 may include a posture state module that
detects the patient posture state. The IMD automatically
adjusts stimulation according to the detected posture
state. For example, the posture state module may include
one or more accelerometers that detect when patient 12
occupies a posture state in which it is appropriate to de-
crease the stimulation amplitude, e.g., when patient 12
lies down. The IMD may automatically reduce stimulation
amplitude so that patient 12 does not manually have to
do so. Example posture states may include "Upright,"
"Upright and Active," "Lying Down," and so forth.
[0055] As will be described in greater detail below, in
some examples, IMD 14 may be configured to automat-
ically decrease stimulation amplitude when it detects that
patient 12 lies down. The amplitude adjustment may be
configured to be decreased at a rate suitable to prevent
undesirable effects, e.g., such as the effects due to the
compression of leads 16 towards spinal cord 18 when
patient 12 lies down. In some examples, IMD 14 may be
configured to decrease the stimulation amplitude to a
suitable amplitude value substantially immediately upon
detection by IMD 14 that patient 12 is lying down. In other
examples, the stimulation amplitude may not be de-
creased substantially immediately by IMD 14 upon de-
tection of patient 12 lying down, but instead IMD 14 may
decrease the stimulation amplitude to a suitable ampli-
tude level at a rate of change that is suitable to prevent
patient 12 from experiencing undesirable stimulation ef-
fects, e.g., duetoincreased transfer of stimulation energy
in the changed anatomical position. In some examples,
IMD 14 may substantially instantaneously decrease the
stimulation amplitude to a suitable amplitude value when
IMD detects that patient 12 is lying down.

[0056] Many other examples of reduced efficacy due
to increased coupling or decreased coupling of stimula-
tion energy to target tissue may occur due to changes in
posture and/or activity level associated with patient pos-
ture state. To avoid or reduce possible disruptions in ef-
fective therapy due to posture state changes, IMD 14
may include a posture state module that detects the pos-
ture state of patient 12 and causes the IMD 14 to auto-
matically adjust stimulation according to the detected
posture state. For example, a posture state module may
include a posture state sensor, such as an accelerome-
ter, that detects when patient 12 lies down, stands up, or
otherwise changes posture.

[0057] Inresponse to a posture state indication by the
posture state module, IMD 14 may change a program
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group, program, stimulation amplitude, pulse width,
pulse rate, and/or one or more other parameters, groups
or programs to maintain therapeutic efficacy. When a pa-
tient lies down, for example, IMD 14 may automatically
reduce stimulation amplitude so that patient 12 does not
need to reduce stimulation amplitude manually. In some
cases, IMD 14 may communicate with external program-
mer 20 to present a proposed change in stimulation in
response to a posture state change, and receive approval
or rejection of the change from a user, such as patient
12 or a clinician, before automatically applying the ther-
apy change. In some examples, posture state detection
may also be used to provide notifications, such as pro-
viding notification via a wireless link to a care giver that
a patient has potentially experienced a fall.

[0058] Referring still to FIG. 1A, a user, such as a cli-
nician or patient 12, may interact with a user interface of
external programmer 20 to program IMD 14. The user
interface may include an output device for presentation
of information, and an input device to receive user input.
Programming of IMD 14 may refer generally to the gen-
eration and transfer of commands, programs, or other
information to control the operation of IMD 14. For ex-
ample, external programmer 20 may transmit programs,
parameter adjustments, program selections, group se-
lections, or other information to control the operation of
IMD 14, e.g., by wireless telemetry. As one example,
external programmer 20 may transmit parameter adjust-
ments to support therapy changes due to posture chang-
es by patient 12. As another example, a user may select
programs or program groups. Again, a program may be
characterized by an electrode combination, electrode po-
larities, voltage or current amplitude, pulse width, pulse
rate, and/or duration. A group may be characterized by
multiple programs that are delivered simultaneously or
on an interleaved or rotating basis.

[0059] During the delivery of stimulation therapy, pa-
tient 12 may make patient therapy adjustments, i.e., pa-
tient adjustments to one or more parameters of a therapy
via an input device of a user interface of a programmer,
to customize the therapy either after patient 12 moves to
a different posture state or in anticipation of the next pos-
ture state. In examples where IMD 14 is in a record mode
to store all patient therapy adjustments associated with
a specific posture state, IMD 14 may implement a method
to ensure that patient therapy adjustments are associat-
ed with the correct posture state intended by patient 12
when the therapy adjustment was made. The patient 12
may occupy the posture state multiple times such that
there are multiple instances of the sensed posture state.
[0060] Each time the patient 12 occupies the posture
state, the patient may enter one or more therapy adjust-
ments. Hence, the multiple therapy adjustments may be
obtained over multiple instances of the sensed posture
state, i.e., multiple, different times at which the patient
occupies the posture state over a time interval, and as-
sociated with the posture state. IMD 14 may use a posture
search timer having a search period and a posture sta-
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bility timer having a stability period after any therapy ad-
justment in order to match the therapy adjustment to the
appropriate posture state. The therapy adjustment is as-
sociated with a final posture state only when a final pos-
ture state began within the search period of the posture
search timer and lasts beyond the stability period of the
posture stability timer. In this manner, therapy adjust-
ments are not associated with a posture state that does
not remain constant or is not occupied soon enough after
the therapy adjustment.

[0061] In some cases, external programmer 20 may
be characterized as a physician or clinician programmer
ifitis primarily intended for use by a physician or clinician.
In other cases, external programmer 20 may be charac-
terized as a patient programmer if it is primarily intended
for use by a patient, e.g., for entry of patient input to spec-
ify patient adjustments to one or more therapy parame-
ters. A patient programmer is generally accessible to pa-
tient 12 and, in many cases, may be a portable device
that may accompany the patient throughout the patient’s
daily routine. In general, a physician or clinician program-
mer may support selection and generation of programs
by a clinician for use by stimulator 14, whereas a patient
programmer may support adjustment and selection of
such programs by a patient during ordinary use, either
manually or via other user input media.

[0062] External programmer 20 may present posture
state data stored in IMD 14 from the detected posture
states of patient 12. The posture state data may be ac-
quired by external programmer 20 to generate posture
state information, e.g., therapy adjustment information.
IMD 14 may also store any associations between the
therapy adjustments and the posture states for which the
therapy adjustments were intended during a record
mode, i.e., therapy adjustment information. By recording
all therapy adjustments made for a program in each of
the posture states, including each of the multiple instanc-
es of the sensed posture states, external programmer 20
may be able to present therapy adjustment information
to the user that indicates patient 12 desired stimulation
parameters based upon parameter use. For example,
the user may be able to identify the most recent stimu-
lation parameters desired by patient 12, the minimum
and maximum allowable amplitudes, or even the quan-
tified number of therapy adjustments to indicate that pa-
tient 12 is either satisfied with a program or cannot readily
find suitable parameters for a program with many therapy
adjustments.

[0063] The therapy adjustment information stored dur-
ing the record mode may be presented in any number of
different manners. For example, an output device of the
user interface may present each program of a group and
the respective number of therapy adjustments and the
range of such amplitudes defined by the therapy adjust-
ments. Alternatively, an output device of the user inter-
face may also, or instead, present the last (i.e., most re-
cent) amplitude used by patient 12 to deliver therapy with
each program. In any manner, the therapy adjustment
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information may be presented in a graphical, numerical,
or textual mode on external programmer 20. The user
may be able to customize the presentation of the therapy
adjustment information in other examples.

[0064] In some examples, external programmer 20
may utilize the associations of the therapy adjustments
to posture states in order to further minimize time needed
to program all therapy programs. When presenting the
amplitude ranges of the therapy adjustments for each
therapy program, the user may be able to provide a single
confirmation input that sets the amplitude for all programs
to some nominal therapy parameter, for example. The
nominal therapy parameter may be aminimum amplitude
associated with the program and posture state, the last
amplitude associated with the program and posture state,
or some other therapy parameter already stored by IMD
14 in association with each therapy program and posture
state. The therapy parameter may be referred to as nom-
inal in the sense that it refers to a parameter value by a
name that is descriptive of the value, rather than to a
specific, absolute parameter value. In cases where a pro-
gram has not been associated with any therapy adjust-
ment, no new stimulation parameter may be programmed
to the program.

[0065] In other examples, external programmer 20
may generate a suggested therapy parameter based up-
on the therapy adjustment information and a guided al-
gorithm. The suggested therapy parameter may be a
specific therapy parameter value that is visible to the us-
er, but is signified as being suggested by the guided al-
gorithm. The guided algorithm may be an equation, set
of equations, look-up table, or other technique for gen-
erating a suggested therapy parameter that may define
stimulation therapy effective to patient 12. In this manner,
external programmer 20 analyzes the therapy adjust-
ment information for the most appropriate stimulation pa-
rameters that fit the desires of the user. The guided al-
gorithm may generate a low or high weighted average,
a safe average that minimizes the chances of overstim-
ulation, a trend target that weights more recent patient
adjustments to therapy greater than older therapy adjust-
ments, or even an intergroup average that looks to ther-
apy adjustments to programs in different groups that pro-
vide stimulation therapy. In any case, the user may be
able to program the plurality of programs with each sug-
gested therapy parameter with the selection of a single
confirmation input.

[0066] IMD 14 may be constructed with a biocompat-
ible housing, such as titanium or stainless steel, or a pol-
ymeric material such as silicone or polyurethane, and
surgically implanted at a site in patient 12 near the pelvis.
IMD 14 may also be implanted in patient 12 at a location
minimally noticeable to patient 12. Alternatively, IMD 14
may be external with percutaneously implanted leads.
For SCS, IMD 14 may be located in the lower abdomen,
lower back, upper buttocks, or other location to secure
IMD 14. Leads 16 may be tunneled from IMD 14 through
tissue to reach the target tissue adjacent to spinal cord
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18 for stimulation delivery.

[0067] At the distal tips of leads 16 are one or more
electrodes (not shown) that transfer the electrical stimu-
lation from the lead to the tissue. The electrodes may be
electrode pads on a paddle lead, circular (e.g., ring) elec-
trodes surrounding the body of leads 16, conformable
electrodes, cuff electrodes, segmented electrodes, or
any other type of electrodes capable of forming unipolar,
bipolar or multipolar electrode configurations for therapy.
In general, ring electrodes arranged at different axial po-
sitions at the distal ends of leads 16 will be described for
purposes of illustration.

[0068] FIG. 1B is a conceptual diagram illustrating an
implantable stimulation system 22 including three im-
plantable stimulation leads 16A, 16B, 16C (collectively
leads 16). System 22 generally conforms to system 10
of FIG. 1A, but includes a third lead along spinal cord 18.
Accordingly, IMD 14 may deliver stimulation via combi-
nations of electrodes carried by all three leads 16, or a
subset of the three leads. The third lead, e.g., lead 16C,
may include a greater number of electrodes than leads
16A and 16B and be positioned between leads 16A and
16B or on one side of either lead 16A or 16B. External
programmer 20 may be initially told the number and con-
figuration of leads 16 in order to appropriately program
stimulation therapy.

[0069] For example, leads 16A and 16B could include
four electrodes, while lead 16C includes eight or sixteen
electrodes, thereby forming a so-called 4-8-4 or 4-16-4
lead configuration. Other lead configurations, such as
8-16-8, 8-4-8, 16-8-16, 16-4-16, are possible. In some
cases, electrodes on lead 16C may be smaller in size
and/or closer together than the electrodes of leads 16A
or 16B. Movement of lead 16C due to changing activities
or postures of patient 12 may, in some instances, more
severely affect stimulation efficacy than movement of
leads 16A or 16B. Patient 12 may further benefit from
the ability of IMD 14 to detect posture states and asso-
ciated changes and automatically adjust stimulation ther-
apy tomaintain therapy efficacy in athree lead system 22.
[0070] FIG. 1Cis a conceptual diagram illustrating an
implantable drug delivery system 24 including one deliv-
ery catheter 28 coupled to IMD 26. As shown in the ex-
ample of FIG. 1C, drug delivery system 24 is substantially
similar to systems 10 and 22. However, drug delivery
system 24 performs the similar therapy functions via de-
livery of drug stimulation therapy instead of electrical
stimulation therapy. IMD 26 functions as a drug pump in
the example of FIG. 1C, and IMD 26 communicates with
external programmer 20 to initialize therapy or modify
therapy during operation. In addition, IMD 26 may be
refillable to allow chronic drug delivery.

[0071] Although IMD 26 is shown as coupled to only
one catheter 28 positioned along spinal cord 18, addi-
tional catheters may also be coupled to IMD 26. Multiple
catheters may deliver drugs or other therapeutic agents
to the same anatomical location or the same tissue or
organ. Alternatively, each catheter may deliver therapy
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to different tissues within patient 12 for the purpose of
treating multiple symptoms or conditions. In some em-
bodiments, IMD 26 may be an external device which in-
cludes a percutaneous catheter that forms catheter 28
or that is coupled to catheter 28, e.g., via a fluid coupler.
In otherembodiments, IMD 26 may include both electrical
stimulation as described in IMD 14 and drug delivery ther-
apy.

[0072] IMD 26 may also operate using parameters that
define the method of drug delivery. IMD 26 may include
programs, or groups of programs, that define different
delivery methods for patient 12. For example, a program
that controls delivery of a drug or other therapeutic agent
may include a titration rate or information controlling the
timing of bolus deliveries. Patient 12 may use external
programmer 20 to adjust the programs or groups of pro-
grams to regulate the therapy delivery.

[0073] SimilartoIMD 14, IMD 26 may include a posture
state module that monitors the patient 12 posture state
and adjusts therapy accordingly. For example, the pos-
ture state module may indicate that patient 12 transitions
fromlying down to standing up. IMD 26 may automatically
increase the rate of drug delivered to patient 12 in the
standing position if patient 12 has indicated that pain in-
creased when standing. This automated adjustment to
therapy based upon posture state may be activated for
all or only a portion of the programs used by IMD 26 to
deliver therapy.

[0074] FIG. 2 is a conceptual diagram illustrating an
example patient programmer 30 for programming stim-
ulation therapy delivered by an implantable medical de-
vice.

[0075] Patient programmer 30 is an example embod-
iment of external programmer 20 illustrated in FIGS. 1A,
1B and 1C and may be used with either IMD 14 or IMD
26. In alternative embodiments, patient programmer 30
may be used with an external medical device. As shown
in FIG. 2, patient programmer 30 provides a user inter-
face (notshown) for a user, such as patient 12, to manage
and program stimulation therapy. Patient programmer 30
is protected by housing 32, which encloses circuitry nec-
essary for patient programmer 30 to operate.

[0076] Patient programmer 30 also includes display
36, which may form part of an output device of a user
interface, power button 38, increase button 52, decrease
button 50, sync button 58, stimulation ON button 54, and
stimulation OFF button 56. Cover 34 protects display 36
from being damaged during use of patient programmer
30. Patient programmer 30 also includes control pad 40
which forms part of an input device of a user interface
and allows a user to navigate through items displayed
on display 36 in the direction of arrows 42, 44, 46, and
48. In some embodiments, the buttons and pad 40 may
take the form of soft keys (e.g., with functions and con-
texts indicated on display 36), with functionality that may
change, for example, based on current programming op-
eration or user preference. In alternative embodiments,
display 36 may be a touch screen in which patient 12
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may interact directly with display 36 without the use of
control pad 40 or even increase button 52 and decrease
button 50.

[0077] Intheillustrated embodiment, patient program-
mer 30 is a hand held device. Patient programmer 30
may accompany patient 12 throughout a daily routine. In
some cases, patient programmer 30 may be used by a
clinician when patient 12 visits the clinician in a hospital
or clinic. In other embodiments, patient programmer 30
may be a clinician programmer that remains with the cli-
nician or in the clinic and is used by the clinician and/or
patient 12 when the patient is in the clinic. In the case of
a clinician programmer, small size and portability may be
less important. Accordingly, a clinician programmer may
be sized larger than a patient programmer, and it may
provide a larger screen for more full-featured program-
ming.

[0078] Housing 32 may be constructed of a polymer,
metal alloy, composite, or combination material suitable
to protect and contain components of patient program-
mer 30. In addition, housing 32 may be partially or com-
pletely sealed such that fluids, gases, or other elements
may not penetrate the housing and affect components
therein. Power button 38 may turn patient programmer
30 ON or OFF as desired by patient 12. Patient 12 may
control the illumination level, or backlight level, of display
36 by using control pad 40 to navigate through the user
interface and increase or decrease the illumination level
with decrease and increase buttons 50 and 52. In some
embodiments, illumination may be controlled by a knob
that rotates clockwise and counter-clockwise to control
patient programmer 30 operational status and display 36
illumination. Patient programmer 30 may be prevented
from turning OFF during telemetry with IMD 14 or another
device to prevent the loss of transmitted data or the stall-
ing of normal operation. Alternatively, patient program-
mer 30 and IMD 14 may include instructions that handle
possible unplanned telemetry interruption, such as bat-
tery failure or inadvertent device shutdown.

[0079] Display 36 may be aliquid crystal display (LCD),
dot matrix display, organic light-emitting diode (OLED)
display, touch screen, or similar monochrome or color
display capable of providing visible information to patient
12. Display 36 may provide a user interface regarding
current stimulation therapy, posture state information,
provide a user interface for receiving feedback or medi-
cation input from patient 12, display an active group of
stimulation programs, and display operational status of
patient programmer 30 or IMDs 14 or 26. For example,
patient programmer 30 may provide a scrollable list of
groups, and a scrollable list of programs within each
group, via display 36.

[0080] Display 36 may present a visible posture state
indication. In addition, display 36 may present therapy
adjustment information stored during the record mode of
IMD 14 and even present nominal or suggested therapy
parameters for a plurality of programs. Patient 12 may
then selectively set the plurality of programs to the re-
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spective nominal or suggested therapy parameters via a
single confirmation input. As described herein, patient
programmer 30 may be configured to perform any tasks
described with respect to clinician programmer 60 (de-
scribed below in reference to FIG. 3) or another external
programmer 20.

[0081] Control pad 40 allows patient 12 to navigate
through items displayed on display 36. Patient 12 may
press control pad 40 on any of arrows 42, 44, 46, and 48
in order to move to another item on display 36 or move
to another screen not currently shown on the display. In
some embodiments, pressing the middle of control pad
40 may select any item highlighted in display 36. In other
embodiments, scroll bars, a scroll wheel, individual but-
tons, or a joystick may perform the complete or partial
functions of control pad 40. In alternative embodiments,
control pad 40 may be a touch pad that allows patient 12
to move a cursor within the user interface displayed on
display 36 to manage therapy or review posture state
information.

[0082] Decrease button 50 and increase button 52 pro-
vide an input mechanism for patient 12. In general, de-
crease button 50 may decrease the value of a highlighted
stimulation parameter every time the decrease button is
pressed. In contrast, increase button 52 may increase
the value of a highlighted stimulation parameter one step
every time the increase button is pressed. While buttons
50 and 52 may be used to control the value of any stim-
ulation parameter, buttons 50 and 52 may also control
patient feedback input. When either of buttons 50 and 52
is selected, patient programmer 30 may initialize com-
munication with IMD 14 or 26 to change therapy accord-
ingly.

[0083] When depressed by patient 12, stimulation ON
button 54 directs programmer 30 to generate a command
for communication to IMD 14 that turns on stimulation
therapy. Stimulation OFF button 56 turns off stimulation
therapy when depressed by patient 12. Sync button 58
forces patient programmer 30 to communicate with IMD
14. When patient 12 enters an automatic posture re-
sponse screen of the userinterface, pressing sync button
58 turns on the automatic posture response to allow IMD
14 to automatically change therapy according to the pos-
ture state of patient 12. Pressing sync button 58 again,
when the automatic posture response screen is dis-
played, turns off the automatic posture response. In the
example of FIG. 2, patient 12 may use control pad 40 to
adjust the volume, contrast, illumination, time, and meas-
urement units of patient programmer 30.

[0084] In some embodiments, buttons 54 and 56 may
be configured to perform operational functions related to
stimulation therapy or the use of patient programmer 30.
For example, buttons 54 and 56 may control the volume
of audible sounds produced by programmer 20, wherein
button 54 increases the volume and button 56 decreases
the volume. Button 58 may be pressed to enter an oper-
ational menu that allows patient 12 to configure the user
interface of patient programmer 30 to the desires of pa-
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tient 12. For example, patient 12 may be able to select
a language, backlight delay time, display 36 brightness
and contrast, or other similar options. In alternative em-
bodiments, buttons 50 and 52 may control all operational
and selection functions, such as those related to audio
volume or stimulation therapy.

[0085] Patient programmer 30 may take other shapes
or sizes not described herein. For example, patient pro-
grammer 30 may take the form of a clam-shell shape,
similar to some cellular phone designs. When patient pro-
grammer 30 is closed, some or all elements of the user
interface may be protected within the programmer. When
patient programmer 30 is opened, one side of the pro-
grammer may contain a display while the other side may
contain input mechanisms. In any shape, patient pro-
grammer 30 may be capable of performing the require-
ments described herein. Alternative embodiments of pa-
tient programmer 30 may include other input mecha-
nisms such as a keypad, microphone, camera lens, or
any other media input that allows the user to interact with
the user interface provided by patient programmer 30.
[0086] In alternative embodiments, the buttons of pa-
tient programmer 30 may perform different functions than
the functions provided in FIG. 2 as an example. In addi-
tion, other embodiments of patient programmer 30 may
include different button layouts or different numbers of
buttons. For example, patient programmer 30 may even
include a single touch screen that incorporates all user
interface functionality with a limited set of buttons or no
other buttons.

[0087] FIG. 3 is a conceptual diagram illustrating an
example clinician programmer 60 for programming stim-
ulation therapy delivered by an implantable medical de-
vice. Clinician programmer 60 is an example embodi-
ment of external programmer 20 illustrated in FIGS. 1A,
1B and 1C and may be used with either IMD 14 or IMD
26. In alternative embodiments, clinician programmer 60
may be used with an external medical device. As shown
in FIG. 3, clinician programmer 60 provides a user inter-
face (notshown) for a user, such as a clinician, physician,
technician, or nurse, to manage and program stimulation
therapy. In addition, clinician programmer 60 may be
used to review objective posture state information to
monitor the progress and therapy efficacy of patient 12.
Clinician programmer 60 is protected by housing 62,
which encloses circuitry necessary for clinician program-
mer 60 to operate.

[0088] Clinician programmer 60 is used by the clinician
or other user to modify and review therapy to patient 12.
The clinician may define each therapy parameter value
for each of the programs that define stimulation therapy.
The therapy parameters, such as amplitude, may be de-
fined specifically for each of the posture states that pa-
tient 12 will be engaged in during therapy. In addition,
the clinician may use clinician programmer 60 to define
each posture state of patient 12 by using the posture
cones described herein or some other technique for as-
sociating posture state sensor output to the posture state
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of patient 12.

[0089] Clinician programmer 60 includes display 64
and power button 66. In the example of FIG. 3, display
64 is a touch screen that accepts user input via touching
certain areas within display 64. The user may use stylus
68 to touch display 64 and select virtual buttons, sliders,
keypads, dials, or other such representations presented
by the user interface shown by display 64. In some em-
bodiments, the user may be able to touch display 64 with
a finger, pen, or any other pointing device. In alternative
embodiments, clinician programmer 60 may include one
or more buttons, keypads, control pads, touch pads, or
other devices that accept user input, similar to patient
programmer 30.

[0090] In the illustrated embodiment, clinician pro-
grammer 60 is a hand held device. Clinician programmer
60 may be used within the clinic or on in-house patient
calls. Clinician programmer 60 may be used to commu-
nicate with multiple IMDs 14 and 26 within different pa-
tients. In this manner, clinician programmer 60 may be
capable of communicating with many different devices
and retain patient data separate for other patient data.
In some embodiments, clinician programmer 60 may be
a larger device that may be less portable, such as a note-
book computer, workstation, or event a remote computer
that communicates with IMD 14 or 26 via a remote te-
lemetry device.

[0091] Most, if not all, of clinician programmer 60 func-
tions may be completed via the touch screen of display
64. The user may program stimulation therapy, modify
programs or groups, retrieve stored therapy data, retrieve
posture state information, define posture states and other
activity information, change the contrast and backlighting
of display 64, or any other therapy related function. In
addition, clinician programmer 60 may be capable of
communicating with a networked server in order to send
or receive an email or other message, retrieve program-
ming instructions, access a help guide, send an error
message, or perform any other function that may be ben-
eficial to prompt therapy.

[0092] Clinician programmer 60 may also allow the cli-
nician to view historical therapy adjustment information
stored in IMD 14 during therapy. As mentioned previous-
ly, the therapy adjustment information includes any as-
sociations created between therapy parameter value ad-
justments and posture states for each program that de-
livers automatic posture responsive stimulation. The cli-
nician may initially orient IMD 14 to patient 12 and enable
the record mode for IMD 14 to store any associations as
therapy adjustment information. Clinician programmer
60 may then acquire the therapy adjustment information
from IMD 14 and present the information to the clinician
in order to allow continued effective therapy modifica-
tions.

[0093] In some examples, clinician programmer 60
may also allow the clinician to adjust the search period
of the posture search timer and the stability period of the
posture stability timer. The posture search timer and the
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posture stability timer enable IMD 14 to determine the
posture state with which a therapy adjustment should be
associated. Depending upon the condition of patient 12
or the clinician preferences, the clinician may desire to
adjust the search period and stability period to most ac-
curately reflect the intentions of patient 12. For example,
if patient 12 has a habit of adjusting therapy long before
making a change to the posture state or patient 12 takes
a long time to assume a desired posture state, the clini-
cian may desire to increase the search period and sta-
bility period in order to properly associate the therapy
adjustment with the intended posture state. In some ex-
amples, clinician programmer 60 may suggest appropri-
ate search periods and stability periods for patients di-
agnosed with particular conditions that may hinder their
movement or involve multiple oscillations in posture state
before settling on the final posture state.

[0094] In addition, clinician programmer 60 may
present nominal and suggested therapy parameters to
the clinician based upon the stored therapy adjustment
information in IMD 14. In one example, clinician program-
mer 60 may simply present an amplitude range deter-
mined by the therapy adjustments for each program and
posture state. The clinician may then set the amplitude
of each program to a nominal therapy parameter pre-
sented on display 64 of clinician programmer 60. For ex-
ample, the nominal therapy parameter may be the min-
imum amplitude used by patient 12 for each program.
Alternatively, clinician programmer 60 may present the
last therapy adjustment for each program and posture
state, or an average therapy adjustment. Clinician pro-
grammer 60 may then set the therapy parameter for all
displayed programs with a single confirmation input from
the clinician. This single input may decrease clinician pro-
gramming time and overall programming complexity.
[0095] Further, clinician programmer 60 may present
a suggested therapy parameter to the clinician for each
program and posture state that is based upon the therapy
adjustment information. The suggested therapy param-
eter may or may not be a parameter that was used from
a therapy adjustment. Clinician programmer 60 may uti-
lize a guided algorithm that attempts to generate a sug-
gested therapy parameter that the clinician desires to
free the clinician from manually determining the best ther-
apy parameter for each program. Clinician programmer
60 may utilize one algorithm or receive a guided algorithm
input from the clinician that customizes how clinician pro-
grammer 60 generates the suggested therapy parame-
ters. For example, clinician programmer 60 may use a
target trend guided algorithm that weights more recent
therapy adjustments so that the suggested therapy pa-
rameters are more representative of recent patient 12
response to stimulation therapy.

[0096] In some cases, all processing may be per-
formed in IMD 14 and distributed to clinician programmer
60 only for presentation to the clinician. Alternatively, IMD
14, clinician programmer 60, patient programmer 30, or
another computing device may share in the processing
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duties of therapy adjustment information and any other
data prior to presenting the information on clinician pro-
grammer 60. In other embodiments, IMD 14 may simply
transfer raw data to an external programmer 20 or other
computing device for data processing necessary to per-
form the tasks described herein. Accordingly, methods
described in this disclosure may be implemented within
IMD 14, programmer 30, programmer 60, or within acom-
bination of such components.

[0097] Housing 62 may be constructed of a polymer,
metal alloy, composite, or combination material suitable
to protect and contain components of clinician program-
mer 60. In addition, housing 62 may be partially or com-
pletely sealed such that fluids, gases, or other elements
may not penetrate the housing and affect components
therein. Power button 66 may turn clinician programmer
60 ON or OFF as desired by the user. Clinician program-
mer 60 may require a password, biometric input, or other
security measure to be entered and accepted before the
user can use clinician programmer 60.

[0098] Clinician programmer 60 may take other
shapes or sizes not described herein. For example, cli-
nician programmer 60 may take the form of a clam-shell
shape, similar to some cellular phone designs. When cli-
nician programmer 60 is closed, at least a portion of dis-
play 64 is protected within housing 62. When clinician
programmer 60 is opened, one side of the programmer
may contain a display while the other side may contain
input mechanisms. In any shape, clinician programmer
60 may be capable of performing the requirements de-
scribed herein.

[0099] FIG. 4 is a functional block diagram illustrating
various components of an IMD 14. In the example of FIG.
4, IMD 14 includes a processor 80, memory 82, stimula-
tion generator 84, posture state module 86, telemetry
circuit 88, and power source 90. The stimulation gener-
ator 84 forms a therapy delivery module. Memory 82 may
store instructions for execution by processor 80, stimu-
lation therapy data, posture state information, posture
state indications, and any other information regarding
therapy or patient 12. Therapy information may be re-
corded for long-term storage and retrieval by a user, and
the therapy information may include any data created by
or stored in IMD 14. Memory 82 may include separate
memories for storing instructions, posture state informa-
tion, therapy adjustment information, program histories,
and any other data that may benefit from separate phys-
ical memory modules.

[0100] Processor 80 controls stimulation generator 84
to deliver electrical stimulation via electrode combina-
tions formed by electrodes in one or more electrode ar-
rays. For example, stimulation generator 84 may deliver
electrical stimulation therapy via electrodes on one or
more leads 16, e.g., as stimulation pulses or continuous
waveforms. Components described as processors within
IMD 14, external programmer 20 or any other device de-
scribed in this disclosure may each comprise one or more
processors, such as one or more microprocessors, digital
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signal processors (DSPs), application specific integrated
circuits (ASICs), field programmable gate arrays (FP-
GAs), programmable logic circuitry, or the like, either
alone or in any suitable combination.

[0101] Stimulation generator 84 may include stimula-
tion generation circuitry to generate stimulation pulses
or waveforms and switching circuitry to switch the stim-
ulation across different electrode combinations, e.g., in
response to control by processor 80. In particular, proc-
essor 80 may control the switching circuitry on a selective
basis to cause stimulation generator 84 to deliver elec-
trical stimulation to selected electrode combinations and
to shift the electrical stimulation to different electrode
combinations in a first direction or a second direction
when the therapy must be delivered to a different location
within patient 12. In other embodiments, stimulation gen-
erator 84 may include multiple current sources to drive
more than one electrode combination at one time. In this
case, stimulation generator 84 may decrease current to
the first electrode combination and simultaneously in-
crease current to the second electrode combination to
shift the stimulation therapy.

[0102] An electrode configuration, e.g., electrode com-
bination and associated electrode polarities, may be rep-
resented by a data stored in a memory location, e.g., in
memory 82, of IMD 14. Processor 80 may access the
memory location to determine the electrode combination
and control stimulation generator 84 to deliver electrical
stimulation via the indicated electrode combination. To
adjust electrode combinations, amplitudes, pulse rates,
or pulse widths, processor 80 may command stimulation
generator 84 to make the appropriate changes to therapy
according to instructions within memory 82 and rewrite
the memory location to indicate the changed therapy. In
other embodiments, rather than rewriting a single mem-
ory location, processor 80 may make use of two or more
memory locations.

[0103] When activating stimulation, processor 80 may
access not only the memory location specifying the elec-
trode combination but also other memory locations spec-
ifying various stimulation parameters such as voltage or
currentamplitude, pulse width and pulse rate. Stimulation
generator 84, e.g., under control of processor 80, then
makes use of the electrode combination and parameters
in formulating and delivering the electrical stimulation to
patient 12.

[0104] According to examples described herein, such
stimulation parameters may be adjusted to modify stim-
ulation therapy delivered by IMD 14 based on the detect-
ed posture state of patient 12. In some examples, proc-
essor 80 may detect a posture state of patient 12 via
posture state module 86 that indicates that a modification
of the stimulation therapy is appropriate, e.g., according
to instructions stored in memory 82. Processor 80 may
access instructions for modifying the stimulation therapy
based on the patient 12 posture state, e.g., by changing
from a stimulation program appropriate for the previous
posture state to a stimulation program appropriate for
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patient’s current posture state.

[0105] Anexemplary range of electrical stimulation pa-
rameters likely to be effective in treating chronic pain,
e.g., when applied to spinal cord 18, are listed below.
While stimulation pulses are described, stimulation sig-
nals may be of any of a variety of forms such as sine
waves or the like.

1. Pulse Rate: between approximately 0.5 Hz and
1200 Hz, more preferably between approximately 5
Hz and 250 Hz, and still more preferably between
approximately 30 Hz and 130 Hz.

2. Amplitude: between approximately 0.1 volts and
50 volts, more preferably between approximately 0.5
volts and 20 volts, and still more preferably between
approximately 1 volt and 10 volts. In other embodi-
ments, a current amplitude may be defined as the
biological load in the voltage that is delivered. For
example, the range of current amplitude may be be-
tween approximately 0.1 milliamps (mA) and 50 mA.
3. Pulse Width: between about 10 microseconds and
5000 microseconds, more preferably between ap-
proximately 100 microseconds and 1000 microsec-
onds, and still more preferably between approxi-
mately 180 microseconds and 450 microseconds.

[0106] In other applications, differentranges of param-
eter values may be used. For deep brain stimulation
(DBS), as one example, alleviation or reduction of symp-
toms associated with Parkinson’s disease, essential
tremor, epilepsy or other disorders may make use of stim-
ulation having a pulse rate in the range of
approximately .5 to 1200 Hz, more preferably 5 to 250
Hz, and still more preferably 30 to 185 Hz, and a pulse
width in the range of approximately 10 microseconds and
5000 microseconds, more preferably between approxi-
mately 60 microseconds and 1000 microseconds, still
more preferably between approximately 60 microsec-
onds and 450 microseconds, and even more preferably
between approximately 60 microseconds and 150 micro-
seconds. Amplitude ranges such as those described
above with reference to SCS, or other amplitude ranges,
may be used for different DBS applications.

[0107] Processor 80 accesses stimulation parameters
inmemory 82, e.g., as programs and groups of programs.
Upon selection of a particular program group, processor
80 may control stimulation generator 84 to deliver stim-
ulation according to the programs in the groups, e.g.,
simultaneously or on a time-interleaved basis. A group
may include a single program or multiple programs. As
mentioned previously, each program may specify a set
of stimulation parameters, such as amplitude, pulse width
and pulse rate. In addition, each program may specify a
particular electrode combination for delivery of stimula-
tion. Again, the electrode combination may specify par-
ticular electrodes in a single array or multiple arrays, e.g.,
on a single lead or among multiple leads. Processor 80
also may control telemetry circuit 88 to send and receive
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information to and from external programmer 20. For ex-
ample, telemetry circuit 88 may send information to and
receive information from patient programmer 30.

[0108] Posture state module 86 allows IMD 14 to sense
the patient posture state, e.g., posture, activity or any
other static position or motion of patient 12. In the exam-
ple of FIG. 4, posture state module 86 may include one
or more posture state sensors, e.g., one or more accel-
erometers such as three-axis accelerometers, capable
of detecting static orientation or vectors in three-dimen-
sions. Example accelerometers may include micro-elec-
tro-mechanical accelerometers. In other examples, pos-
ture state module 86 may alternatively or additionally in-
clude one or more gyroscopes, pressure transducers or
other sensors to sense the posture state of patient 12.
Posture state information generated by posture state
module 86 and processor 80 may correspond to an ac-
tivity, posture, or posture and activity undertaken by pa-
tient 12 or a gross level of physical activity, e.g., activity
counts based on footfalls or the like.

[0109] Posture state information from posture state
module 86 may be stored in memory 82 to be later re-
viewed by a clinician, used to adjust therapy, presented
as a posture state indication to patient 12, or some com-
bination thereof. As an example, processor 80 may
record the posture state parameter value, or output, of
the 3-axis accelerometer and assign the posture state
parameter value to a certain predefined posture indicated
by the posture state parameter value. In this manner,
IMD 14 may be able to track how often patient 12 remains
within a certain posture defined within memory 82. IMD
14 may also store which group or program was being
used todeliver therapy when patient 12 was in the sensed
posture. Further, processor 80 may also adjust therapy
foranew posture when posture state module 86 indicates
that patient 12 has in fact changed postures. Therefore,
IMD 14 may be configured to provide posture state-re-
sponsive stimulation therapy to patient 12. Stimulation
adjustments in response to posture state may be auto-
matic or semi-automatic (subject to patient approval). In
many cases, fully automatic adjustments may be desir-
able so that IMD 14 may react more quickly to posture
state changes.

[0110] As described herein, the posture state data, or
raw data of the posture state information, is stored by
system 10 to be used at a later time. The posture state
information may also be used in addition to the therapy
adjustment information when the user desires to view
more detailed information related to the posture states
engaged by patient 12. Memory 82 may store all of the
posture state data detected during therapy or use of IMD
14, or memory 82 may periodically offload the posture
state data to clinician programmer 60 or a different ex-
ternal programmer 20 or device. In other examples,
memory 82 may reserve a portion of the memory to store
recent posture state data easily accessible to processor
80 for analysis. In addition, older posture state data may
be compressed within memory 82 to require less memory
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storage until later needed by external programmer 20 or
processor 80.

[0111] A posture state parameter value from posture
state module 86 that indicates the posture state of patient
12 may constantly vary throughout the daily activities of
patient 12. However, a certain activity (e.g., walking, run-
ning, or biking) or a posture (e.g., standing, sitting, or
lying down) may include multiple posture state parameter
values from posture state module 86. In this manner, a
posture state may include a broad range of posture state
parameter values. Memory 82 may include definitions for
each posture state of patient 12. In one example, the
definitions of each posture state may be illustrated as a
cone in three-dimensional space. Whenever the posture
state parameter value, e.g., a sensed coordinate vector,
from the three-axis accelerometer of posture state mod-
ule 86 resides within a predefined cone, processor 80
indicates that patient 12 is in the posture state of the
cone. In other examples, posture state parameter value
from the 3-axis accelerometer may be compared to a
look-up table or equation to determine the posture state
in which patient 12 currently resides.

[0112] Posture state-responsive stimulation may allow
IMD 14 to implement a certain level of automation in ther-
apy adjustments. Automatically adjusting stimulation
may free patient 12 from the constant task of manually
adjusting therapy parameters each time patient 12
changes posture or starts and stops a certain posture
state. Such manual adjustment of stimulation parameters
can be tedious, requiring patient 12 to, for example, de-
press one or more keys of patientprogrammer 30 multiple
times during the patient posture state to maintain ade-
quate symptom control. Alternatively, patient 12 may be
unable to manually adjust the therapy if patient program-
mer 30 is unavailable or patient 12 is preoccupied. In
some embodiments, patient 12 may eventually be able
to enjoy posture state responsive stimulation therapy
without the need to continue making changes for different
postures via patient programmer 30. Instead, patient 12
may transition immediately or over time to fully automatic
adjustments based on posture state.

[0113] Although posture state module 86 is described
as containing the 3-axis accelerometer, posture state
module 86 may contain multiple single-axis accelerom-
eters, dual-axis accelerometers, 3-axis accelerometers,
or some combination thereof. In some examples, an ac-
celerometer or other sensor may be located within or on
IMD 14, on one of leads 16 (e.g., at the distal tip or at an
intermediate position), an additional sensor lead posi-
tioned somewhere within patient 12, within an independ-
ent implantable sensor, or even worn on patient 12. For
example, one or more microsensors may be implanted
within patient 12 to communicate posture state informa-
tion wirelessly to IMD 14. In this manner, the patient 12
posture state may be determined from multiple posture
state sensors placed at various locations on or within the
body of patient 12.

[0114] Inother embodiments, posture state module 86
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may additionally or alternatively be configured to sense
one or more physiological parameters of patient 12. For
example, physiological parameters may include heart
rate, electromyography (EMG), an electroencephalo-
gram (EEG), an electrocardiogram (ECG), temperature,
respiration rate, or pH. These physiological parameters
may be used by processor 80, in some embodiments, to
confirm or reject changes in sensed posture state that
may result from vibration, patient travel (e.g., in an air-
craft, car or train), or some other false positive of posture
state.

[0115] Insome embodiments, processor 80 processes
the analog output of the posture state sensor in posture
state module 86 to determine activity and/or posture data.
For example, where the posture state sensor comprises
an accelerometer, processor 80 or a processor of posture
state module 86 may process the raw signals provided
by the posture state sensor to determine activity counts.
In some embodiments, processor 80 may process the
signals provided by the posture state sensortodetermine
velocity of motion information along each axis.

[0116] In one example, each of the X, y, and z signals
provided by the posture state sensor has both a DC com-
ponent and an AC component. The DC components de-
scribes the gravitational force exerted upon the sensor
and can thereby be used to determine orientation of the
sensor within the gravitational field of the earth. Assum-
ing the orientation of the sensor is relatively fixed with
respect to the patient, the DC components of the x, y and
z signals may be utilized to determine the patient’s ori-
entation within the gravitational field, and hence to de-
termine the posture of the patient.

[0117] The AC component of the x, y and z signals
yields information about patient motion. In particular, the
AC component of a signal may be used to derive a value
for an activity describing the patient’s motion, or activity.
This activity may involve a level, direction of motion, or
acceleration of the patient.

[0118] One method for determining the activity is an
activity count. An activity count may be used to indicate
the activity or activity level of patient 12. For example, a
signal processor may sum the magnitudes of the AC por-
tion of an accelerometer signal for N consecutive sam-
ples. For instance, assuming sampling occurs as 25 Hz,
N may be set to 25, so that count logic provides the sum
of the samples that are obtained in one second. This sum
may be referred to as an "activity count." The number
"N" of consecutive samples may be selected by the proc-
essor based on the current posture state, if desired. The
activity count may be the activity portion of the activity
parameter value that is added to the posture portion. The
resulting activity parameter value may then incorporate
both activity and posture to generate an accurate indica-
tion of the motion of patient 12.

[0119] As another example, the activity parameter val-
ue may be defined describing direction of motion. This
activity parameter value may be associated with a vector
and an associated tolerance, which may be a distance
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from the vector. Another example of an activity parameter
value relates to acceleration. The value quantifying a lev-
el of change of motion over time in a particular direction
may be associated with this parameter referenced in the
activity parameter value.

[0120] Processor 80 may monitor the posture state of
patient 12 and associate any therapy adjustments that
patient 12 makes to the posture state currently occupied
by patient 12. However, processor 80 may also employ
techniques that allow a therapy adjustment to be asso-
ciated with a later posture state in cases when patient 12
makes a therapy adjustment in anticipation of changing
the posture state. Patient 12 may desire to make this
preemptory adjustment to avoid being over-stimulated or
under-stimulated when the patient assumes the new pos-
ture state.

[0121] Processor 80 may employ multiple timers that
monitor therapy adjustments and when a new posture
state occurs, as a result of a posture state transition.
Processor 80 may use a posture search timer having a
search period, where, the search timer begins upon the
detection of the therapy adjustment and expires when
the search period lapses. The posture search timer al-
lows a certain amount of time, or the search period, for
patient 12 to finally engage in the intended posture state.
In addition, processor 80 uses a posture stability timer,
where the posture stability timer begins upon the sensing
of a different posture state and requires a certain amount
of time, the stability period, to elapse while patient 12 is
in the same posture state before the posture state can
be considered the final posture state. A therapy adjust-
ment is only associated with a posture state when the
final posture state is started, i.e., the stability timer is start-
ed, prior to the expiration of the search period and the
final posture state lasts at least as long as the stability
period. Any other therapy adjustments are either asso-
ciated with the initial posture state patient 12 was en-
gaged in when the therapy was adjusted or not associ-
ated with any posture state, depending upon the instruc-
tions stored in memory 82.

[0122] Although external programmer 20 may perform
any processing on the therapy adjustment information,
such as the association of therapy adjustments to posture
states, processor 80 of IMD 14 may be configured to
analyze the information and generate desired informa-
tion. For example, processor 80 may generate nominal
therapy parameters or suggested therapy parameters
based upon the therapy adjustment information stored
in memory 82. In this manner, IMD 14 may transmit the
nominal or suggested therapy parameters directly to ex-
ternal programmer 20 for presentation to the user. Any
other shared processing between IMD 14 and external
programmer 20 is also contemplated.

[0123] Wireless telemetry in IMD 14 with external pro-
grammer 20, e.g., patient programmer 30 or clinician pro-
grammer 60, or another device may be accomplished by
radio frequency (RF) communication or proximal induc-
tive interaction of IMD 14 with external programmer 20.
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Telemetry circuit 88 may send information to and receive
information from external programmer 20 on a continu-
ous basis, at periodic intervals, at non-periodic intervals,
or upon request from the stimulator or programmer. To
support RF communication, telemetry circuit 88 may in-
clude appropriate electronic components, such as am-
plifiers, filters, mixers, encoders, decoders, and the like.
[0124] Power source 90 delivers operating power to
the components of IMD 14. Power source 90 may include
a small rechargeable or non-rechargeable battery and a
power generation circuit to produce the operating power.
Recharging may be accomplished through proximal in-
ductive interaction between an external charger and an
inductive charging coil within IMD 14. In some embodi-
ments, power requirements may be small enough to al-
low IMD 14 to utilize patient motion and implement a ki-
netic energy-scavenging device to trickle charge a re-
chargeable battery. In other embodiments, traditional
batteries may be used for a limited period of time. As a
further alternative, an external inductive power supply
could transcutaneously power IMD 14 when needed or
desired.

[0125] FIG. 5 is a functional block diagram illustrating
various components of an IMD 26 that is a drug pump.
IMD 26 is a drug pump that operates substantially similar
to IMD 14 of FIG. 4. IMD 26 includes processor 92, mem-
ory 94, pump module 96, posture state module 98, te-
lemetry circuit 100, and power source 102. Instead of
stimulation generator 84 of IMD 14, IMD 26 includes
pump module 96 for delivering drugs or some other ther-
apeutic agent via catheter 28. Pump module 96 may in-
clude areservoir to hold the drug and a pump mechanism
to force drug out of catheter 28 and into patient 12.
[0126] Processor 92 may control pump module 96 ac-
cording to therapy instructions stored within memory 94.
For example, memory 94 may contain the programs or
groups of programs that define the drug delivery therapy
for patient 12. A program may indicate the bolus size or
flow rate of the drug, and processor 92 may accordingly
deliver therapy. Processor 92 may also use posture state
information from posture state module 98 to adjust drug
delivery therapy when patient 12 changes posture states,
e.g., adjusts his or her posture. In alternative embodi-
ments, system 10 may be employed by an implantable
medical device that delivers therapy via both electrical
stimulation therapy and drug delivery therapy as a com-
bination of IMD 14 and IMD 26.

[0127] FIG. 6 is a functional block diagram illustrating
various components of an external programmer 20 for
IMDs 14 or 26. As shown in FIG. 6, external programmer
20 includes processor 104, memory 108, telemetry circuit
110, user interface 106, and power source 112. External
programmer 20 may be embodied as patient programmer
30 or clinician programmer 60. A clinician or patient 12
interacts with user interface 106 in order to manually
change the stimulation parameters of a program, change
programs within a group, turn posture responsive stim-
ulation ON or OFF, view therapy information, view pos-
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ture state information, or otherwise communicate with
IMDs 14 or 26.

[0128] User interface 106 may include a screen and
one or more input buttons, as in the example of patient
programmer 30, that allow external programmer 20 to
receive input from a user. Alternatively, user interface
106 may additionally or only utilize a touch screen dis-
play, as in the example of clinician programmer 60. The
screen may be a liquid crystal display (LCD), dot matrix
display, organic light-emitting diode (OLED) display,
touch screen, or any other device capable of delivering
and/or accepting information. For visible posture state
indications, a display screen may suffice. For audible
and/or tactile posture state indications, programmer 20
may further include one or more audio speakers, voice
synthesizer chips, piezoelectric buzzers, or the like.
[0129] Inputbuttons for user interface 106 may include
a touch pad, increase and decrease buttons, emergency
shut off button, and other buttons needed to control the
stimulation therapy, as described above with regard to
patient programmer 30. Processor 104 controls user in-
terface 106, retrieves data from memory 108 and stores
data within memory 108. Processor 104 also controls the
transmission of data through telemetry circuit 110 to
IMDs 14 or 26. Memory 108 includes operation instruc-
tions for processor 104 and data related to patient 12
therapy.

[0130] Userinterface 106 is configured to presentther-
apy adjustment information to the user for monitoring ad-
justments made by patient 12 and allowing single input
and guided programming options for the user. After IMD
14 has associated therapy adjustments to posture states,
user interface 106 of external programmer 20 may
presentthe associations to the user as arange of therapy
adjustments, maximum and minimum values of the ad-
justed parameters, last adjustments made, number of
adjustments made for each program and posture state,
or any other details of the associations. The number of
patient therapy adjustments may be recorded based on
the cumulative number of adjustments made by the pa-
tient 12 over the course of a therapy session when the
patient may occupy each of the posture states multiple
times. In particular, the number of adjustments may be
a cumulative number of adjustments over multiple in-
stances of the sensed posture state, i.e., multiple times
in which the patient occupied the posture state. In addi-
tion, user interface 106 may display the therapy adjust-
ment information as graphical bar graphs or charts, nu-
merical spread sheets, or any other manner in which in-
formation may be displayed. Further, user interface 106
may present nominal or suggested therapy parameters
that the user may accept for all programs by making one
confirmation input to user interface 106.

[0131] The therapy adjustment information may also
be stored within memory 108 periodically during therapy,
whenever external programmer 20 communicates within
IMD 14, or only when the user desired to use the therapy
adjustment information. Memory 108 may include a sep-

10

15

20

25

30

35

40

45

50

55

18

arate memory for therapy adjustment information as op-
posed to other posture state information or operational
instructions. In addition, if memory 108 does store pos-
ture state information from patient 12, memory 108 may
use one or more hardware or software security measures
to protect the identify of patient 12. For example, memory
108 may have separate physical memories for each pa-
tient or the user may be required to enter a password to
access each patient’s posture state data.

[0132] Telemetry circuit 110 allows the transfer of data
to and from IMD 14, or IMD 26. Telemetry circuit 110 may
communicate automatically with IMD 14 at a scheduled
time or when the telemetry circuit detects the proximity
of the stimulator. Alternatively, telemetry circuit 110 may
communicate with IMD 14 when signaled by a user
through user interface 106. To support RF communica-
tion, telemetry circuit 110 may include appropriate elec-
tronic components, such as amplifiers, filters, mixers, en-
coders, decoders, and the like. Power source 112 may
be a rechargeable battery, such as a lithium ion or nickel
metal hydride battery. Otherrechargeable or convention-
al batteries may also be used. In some cases, external
programmer 20 may be used when coupled to an alter-
nating current (AC) outlet, i.e., AC line power, either di-
rectly or via an AC/DC adapter.

[0133] In some examples, external programmer 20
may be configured to recharge IMD 14 in addition to pro-
gramming IMD 14. Alternatively, arecharging device may
be capable of communication with IMD 14. Then, the
recharging device may be able to transfer programming
information, data, or any other information described
herein to IMD 14. In this manner, the recharging device
may be able to act as an intermediary communication
device between external programmer 20 and IMD 14.
The techniques described herein may be communicated
between IMD 14 via any type of external device capable
of communication with IMD 14.

[0134] FIG7 isablock diagramiillustrating an example
system 120 that includes an external device, such as a
server 122, and one or more computing devices 124A-
124N, that are coupled to IMD 14 and external program-
mer 20 shown in FIGS. 1A-1C via a network 126. In this
example, IMD 14 may use its telemetry circuit 88 to com-
municate with external programmer 20 via a first wireless
connection, and to communication with an access point
128 via a second wireless connection. In otherexamples,
IMD 26 may also be used in place of IMD 14, and external
programmer 20 may be either patient programmer 30 or
clinician programmer 60.

[0135] Inthe example of FIG. 7, access point 128, ex-
ternal programmer 20, server 122, and computing devic-
es 124A-124N are interconnected, and able to commu-
nicate with each other, through network 126. In some
cases, one or more of access point 128, external pro-
grammer 20, server 122, and computing devices 124A-
124N may be coupled to network 126 through one or
more wireless connections. IMD 14, external program-
mer 20, server 122, and computing devices 124A-124N
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may each comprise one or more processors, such as
one or more microprocessors, digital signal processors
(DSPs), application specific integrated circuits (ASICs),
field programmable gate arrays (FPGAs), programmable
logic circuitry, or the like, that may perform various func-
tions and operations, such as those described in this dis-
closure.

[0136] Access point 128 may comprise a device, such
as a home monitoring device, that connects to network
126 via any of a variety of connections, such as telephone
dial-up, digital subscriber line (DSL), or cable modem
connections. In other embodiments, access point 128
may be coupled to network 126 through different forms
of connections, including wired or wireless connections.
[0137] During operation, IMD 14 may collect and store
various forms of data. For example, IMD 14 may collect
sensed posture state information during therapy that in-
dicate how patient 12 moves throughout each day. In
some cases, IMD 14 may directly analyze the collected
data to evaluate the posture state of patient 12, such as
what percentage of time patient 12 was in each identified
posture. In other cases, however, IMD 14 may send
stored data relating to posture state information to exter-
nal programmer 20 and/or server 122, either wirelessly
or via access point 128 and network 126, for remote
processing and analysis. For example, IMD 14 may
sense, process, trend and evaluate the sensed posture
state information. This communication may occur in real
time, and network 126 may allow a remote clinician to
review the current patient posture state by receiving a
presentation of a posture state indication on a remote
display, e.g., computing device 124A. Alternatively,
processing, trending and evaluation functions may be
distributed to other devices such as external programmer
20 or server 122, which are coupled to network 126. In
addition, posture state information may be archived by
any of such devices, e.g., for later retrieval and analysis
by a clinician.

[0138] In some cases, IMD 14, external programmer
20 or server 122 may process posture state information
or raw data and/or therapy information into a displayable
posture state report, which may be displayed via external
programmer 20 or one of computing devices 124A-124N.
The posture state report may contain trend data for eval-
uation by a clinician, e.g., by visual inspection of graphic
data. In some cases, the posture state report may include
the number of activities patient 12 conducted, a percent-
age of time patient 12 was in each posture state, the
average time patient 12 was continuously within a pos-
ture state, what group or program was being used to de-
liver therapy during each activity, the number of adjust-
ments to therapy during each respective posture state,
or any other information relevant to patient 12 therapy,
based on analysis and evaluation performed automati-
cally by IMD 14, external programmer 20 or server 122.
A clinician or other trained professional may review
and/or annotate the posture state report, and possibly
identify any problems or issues with the therapy that
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should be addressed. Further, server 122 may process
therapy adjustment information and generate suggested
therapy parameters for each program and posture state
based upon the therapy adjustmentinformation. If a guid-
ed algorithm is computationally intensive, server 122 may
be best suited for generating the necessary parameters
for therapy.

[0139] Using system 120 of FIG. 7, a clinician, physi-
cian, technician, or even patient 12, may review therapy
adjustment information from the record mode of IMD 14.
The user may remotely monitor the progress and trends
of patient 12, limiting the number of times that patient 12
may need to physically visit the clinician. This monitoring
may also reduce the time needed to find efficacious ther-
apy parameters by allowing the clinician to more fre-
quently monitor how patient 12 is using patient program-
mer 30 and how often changes to therapy must be made.
Any of the user interfaces described herein with respect
to patient programmer 30 or clinician programmer 60 may
also be presented via any of computing devices 124A-
124N.

[0140] In some cases, server 122 may be configured
to provide a secure storage site for archival of posture
state information that has been collected from IMD 14
and/or external programmer 20. Network 126 may com-
prise a local area network, wide area network, or global
network, such as the Internet. In some cases, external
programmer 20 or server 122 may assemble posture
state information in web pages or other documents for
viewing by trained professionals, such as clinicians, via
viewing terminals associated with computing devices
124A-124N. System 120 may be implemented, in some
aspects, with general network technology and function-
ality similar to that provided by the Medtronic CareLink®
Network developed by Medtronic, Inc., of Minneapolis,
MN.

[0141] Although some examples of the disclosure may
involve posture state information and data, system 120
may be employed to distribute any information relating
to the treatment of patient 12 and the operation of any
device associated therewith. For example, system 120
may allow therapy errors or device errors to be immedi-
ately reported to the clinician. In addition, system 120
may allow the clinician to remotely intervene in the ther-
apy and reprogram IMD 14, patient programmer 30, or
communicate with patient 12. In an additional example,
the clinician may utilize system 120 to monitor multiple
patients and share data with other clinicians in an effort
to coordinate rapid evolution of effective treatment of pa-
tients. Further, posture state detection may also be used
to provide notifications, such as providing notification via
awireless link to a care giver that a patient has potentially
experienced a fall.

[0142] Furthermore, although the disclosure is de-
scribed with respect to SCS therapy, such techniques
may be applicable to IMDs that convey other therapies
in which posture state information is important, such as,
e.g., DBS, pelvic floor stimulation, gastric stimulation, oc-
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cipital stimulation, functional electrical stimulation, and
the like. Also, in some aspects, techniques for evaluating
posture state information, as described in this disclosure,
may be applied to IMDs that are generally dedicated to
sensing or monitoring and do not include stimulation or
other therapy components. For example, an implantable
monitoring device may be implanted in conjunction with
an implantable stimulation device, and be configured to
evaluate sensing integrity of leads or electrodes associ-
ated with the implantable monitoring device based on
sensed signals evoked by delivery of stimulation by the
implantable stimulation device.

[0143] FIGS. 8A-8C are conceptualillustrations of pos-
ture state spaces 140, 152, 155 within which posture
state reference data may define the posture state of pa-
tient 12. Posture state reference data may define certain
regions associated with particular posture states of pa-
tient 12 within the respective posture state spaces 140,
152, 155. The output of one or more posture state sen-
sors may be analyzed by posture state module 86 with
respect to posture state spaces 140, 152, 155 to deter-
mine the posture state of patient 12. For example, if the
output of one or more posture state sensors is within a
particular posture region defined by posture state refer-
ence data, posture state module 86 may determine that
patient 12 is within the posture state associated with the
respective posture state region.

[0144] In some cases, one or more posture state re-
gions may be defined as posture state cones. Posture
state cones may be used to define a posture state of
patient 12 based on the output from a posture state sen-
sor of a posture state according to an example method
for posture state detection. A posture state cone may be
centered about a posture state reference coordinate vec-
tor that corresponds to a particular posture state. In the
examples of FIGS. 8A and 8B, the posture state module
86 of IMD 14 or IMD 26 may use a posture state sensor,
e.g., a three-axis accelerometer that provides data indi-
cating the posture state of patient 12, to sense posture
vectors.

[0145] While the sensed data may be indicative of any
posture state, postures of patient 12 will generally be
used below to illustrate the concept of posture cones. As
shown in FIG. 8A, posture state space 140 represents a
vertical plane dividing patient 12 from left and right sides,
or the sagittal plane. A posture state parameter value
from two axes of the posture state sensor may be used
to determine the current posture state of patient 12 ac-
cording to the posture state space 140. The posture state
data may include x, y and z coordinate values.

[0146] A posture cone may be defined by a reference
coordinate vector for a given posture state in combination
with a distance or angle defining a range of coordinate
vectors within a cone surrounding the posture reference
coordinate vector. Alternatively, a posture cone may be
defined by a reference coordinate vector and a range of
cosine values computed using the reference coordinate
vector as an adjacent vector and any of the outermost
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vectors of the cone as a hypotenuse vector. If a sensed
posture state vector is within an applicable angle or dis-
tance of the reference coordinate vector, or if the sensed
posture state vector and the reference coordinate vector
produce a cosine value in a specified cosine range, then
posture state vector is determined to reside within the
posture cone defined by the reference coordinate vector.
[0147] Posture state space 140 is segmented into dif-
ferent posture cones that are indicative of a certain pos-
ture state of patient 12. In the example of FIG. 8A, upright
cone 142 indicates that patient 12 is sitting or standing
upright, lying back cone 148 indicates that patient 12 is
lying back down, lying front cone 144 indicates that pa-
tient 12 is lying chest down, and inverted cone 146 indi-
cates that patient 12 is in an inverted position. Other
cones may be provided, e.g., to indicate that patient 12
is lying on the right side or left side. For example, a lying
right posture cone and a lying left posture cone may be
positioned outside of the sagittal plane illustrated in FIG.
8A. In particular, the lying right and lying left posture
cones may be positioned in a coronal plane substantially
perpendicular to the sagittal plane illustrated in FIG. 8A.
For ease of illustration, lying right and lying left cones are
not shown in FIG. 8A.

[0148] Vertical axis 141 and horizontal axis 143 are
provided for orientation of posture state area 140, and
are shown as orthogonal for purposes of illustration.
However, posture cones may have respective posture
reference coordinate vectors that are not orthogonal in
some cases. For example, individual reference coordi-
nate vectors for cones 142 and 146 may not share the
same axis, and reference coordinate vectors for cones
144 and 148 may not share the same axis. Also, refer-
ence coordinate vectors for cones 144 and 148 may or
may not be orthogonal to reference coordinates vectors
for cones 142, 146. Moreover, the reference coordinate
vectors need not reside in the same plane. Therefore,
although orthogonal axes are shown in FIG. 8A for pur-
poses of illustration, respective posture cones may be
defined by individualized reference coordinate vectors
for the cones.

[0149] IMD 14 may monitor the posture state param-
eter value of the posture state sensor to produce a
sensed coordinate vector and identify the current posture
of patient 12 by identifying which cone the sensed coor-
dinated vector of the posture state sensor module 86
resides. For example, if the posture state parameter val-
ue corresponds to a sensed coordinate vector that falls
within lying front cone 144, IMD 14 determines that pa-
tient 12 is lying down on their chest. IMD 14 may store
this posture information as a determined posture state
or as raw output from the posture state sensor, change
therapy according to the posture, or both. Additionally,
IMD 14 may communicate the posture information to pa-
tient programmer 30 so that the patient programmer can
present a posture state indication to patient 12.

[0150] In addition, posture state area 140 may include
hysteresis zones 150A, 150B, 150C, and 150D (collec-
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tively "hysteresis zones 150"). Hysteresis zones 150 are
positions within posture state area 140 where no posture
cones have been defined. Hysteresis zones 150 may be
particularly useful when IMD 14 utilizes the posture state
information and posture cones to adjust therapy auto-
matically. If the posture state sensor indicates that patient
12 is in upright cone 142, IMD 14 would not detect that
patient 12 has entered a new posture cone until the pos-
ture state parameter value indicates a different posture
cone. For example, if IMD 14 determines that patient 12
moves to within hysteresis zone 150A from upright cone
142, IMD 14 retains the posture as upright. In this man-
ner, IMD 14 does not change the corresponding therapy
until patient 12 fully enters a different posture cone. Hys-
teresis zones 150 prevent IMD 14 from continually oscil-
lating between different therapies when patient 12’s pos-
ture state resides near a posture cone boundary.
[0151] Each posture cone 142, 144, 146, 148 may be
defined by an angle in relation to a reference coordinate
vector defined for the respective posture cone. Alterna-
tively, some posture cones may be defined by an angle
relative to a reference coordinate vector for another pos-
ture cone. For example, lying postures may be defined
by an angle with respect to a reference coordinate vector
for an upright posture cone. In each case, as described
in further detail below, each posture cone may be defined
by an angle in relation to a reference coordinate posture
vector defined for a particular posture state. The refer-
ence coordinate vector may be defined based on posture
sensor data generated by a posture state sensor while
patient 12 occupies a particular posture state desired to
be defined using the reference coordinate vector. For
example, a patient may be asked to occupy a posture so
that a reference coordinate vector can be sensed for the
respective posture. In this manner, vertical axis 141 may
be specified according to the patient’s actual orientation.
Then, a posture cone can be defined using the reference
coordinate vector as the center of the cone.

[0152] Vertical axis 141 in FIG. 8A may correspond to
a reference coordinate vector sensed while the patient
was occupying an upright posture state. Similarly, a hor-
izontal axis 143 may correspond to a reference coordi-
nate vector sensed while the patient is occupying a lying
posture state. A posture cone may be defined with re-
spect to the reference coordinate vector. Although a sin-
gle axis is shown extending through the upright and in-
verted cones 142, 146, and another single axis is shown
extending through the lying down and lying up cones 144,
148, individual reference coordinate vectors may be used
for respective cones, and the reference coordinate vec-
tors may not share the same axes, depending on differ-
ences between the reference coordinate vectors ob-
tained for the posture cones.

[0153] Posture cones may be defined by the same an-
gle or different angles, symmetrical to either axis, or
asymmetrical to either axis. For example, upright cone
142 may have an angle of eighty degrees, +40 degrees
to-40degrees from the positive vertical axis 141. In some
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cases, lying cones may be defined relative to the refer-
ence coordinate vector of the upright cone 142. For ex-
ample, lying up cone 148 may have an angle of eighty
degrees, -50 degrees to -130 degrees from the positive
vertical axis 141. Inverted cone 146 may have an angle
of eighty degrees, -140 degrees to +140 degrees from
vertical axis 141. In addition, lying down cone 144 may
have an angle of eighty degrees, +50 degrees to +130
degrees from the positive vertical axis 141. In other ex-
amples, each posture cone may have varying angle def-
initions, and the angles may change during therapy de-
livery to achieve the most effective therapy for patient 12.
[0154] Alternatively or additionally, instead of an angle,
posture cones 144, 146, 148, 148 may be defined by a
cosine value or range of cosine values in relation to ver-
tical axis 141, horizontal axis 143, or some other axis,
such as, e.g., individual reference coordinate vectors for
the respective cones. For example, a posture cone may
be defined by a cosine value that defines the minimum
cosine value, calculated using a reference coordinate
vector and a respective coordinate vector sensed by a
posture state sensor at any point in time. In the cosine
computation, the value (adjacent/hypotenuse) can be
computed using the magnitude of the coordinate refer-
ence vector as the adjacent and a vector at the outermost
extent of the cone as the hypotenuse to define a range
of cosine values consistent with the outer bound of the
cone.

[0155] For upright cone 142, the cosine range may ex-
tend from the maximum cosine value of 1.0, correspond-
ing to a sensed vector that matches the reference coor-
dinate vector of the upright cone, to a minimum cosine
value that corresponds to a sensed vector at the outer
limit of the upright cone. As another example, for lying
cone 144, the cosine range may extend from the maxi-
mum cosine value of 1.0, corresponding to a sensed vec-
tor that matches the reference coordinate vector of the
lying cone, to a minimum cosine value that corresponds
to a sensed vector at the outer limit of the lying cone.
Alternatively, the lying cone 144 may be defined with ref-
erence to the upright cone 142, such that the cosine
range may extend between a maximum and minimum
values determined relative to the reference coordinate
vector for the upright cone.

[0156] In other examples, posture state area 140 may
include additional posture cones than those shown in
FIG. 8A. For example, a reclining cone may be located
between upright cone 142 and lying back cone 148 to
indicate when patient 12 is reclining back (e.g., in adorsal
direction). In this position, patient 12 may need a different
therapy to effectively treat symptoms. Different therapy
programs may provide efficacious therapy to patient 12
when patient 12 is in each of an upright posture (e.g.,
within upright cone 142), lying back posture (e.g., within
lying back cone 148), and a reclining back posture. Thus,
a posture cone that defines the reclining back posture
may be useful for providing efficacious posture-respon-
sive therapy to patient 12. In other examples, posture
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state area 140 may include fewer posture cones than
cones 142,144,146, 148 shown in FIG. 8A. Forexample,
inverted cone 146 may be replaced by a larger lying back
cone 148 and lying front cone 144.

[0157] FIG. 8B illustrates an example posture state
space 152 that is a three-dimensional space in which the
posture state parameter value from the posture state sen-
sor is placed in relation to the posture cones. Posture
state space 152 is substantially similar to posture state
area 140 of FIG. 8A. However, the posture state param-
eter value derived from all three axes of a 3-axis accel-
erometer may be used to accurately determine the pos-
ture state of patient 12. In the example of FIG. 8B, posture
state space 152 includes upright cone 154, lying back
cone 156, and lying front cone 158. Posture state space
152 also includes hysteresis zones (not shown) similar
to those of posture state area 140. In the example of FIG.
8B, the hysteresis zones are the spaces not occupied by
a posture cone, e.g., upright cone 154, lying back cone
156, and lying front cone 158.

[0158] Posture cones 154, 156 and 158 also are de-
fined by a respective center line 153A, 153B, or 153C,
and associated cone angle A, B or C. For example, up-
right cone 154 is defined by center line 153A that runs
through the center of upright cone 154. Center line 153A
may correspond to an axis of the posture state sensor or
some other calibrated vector. In some embodiments,
each center line 153A, 153B, 153C may correspond to
a posture reference coordinate vectors defined for the
respective postures, e.g., the upright posture. For in-
stance, assuming that patient 12 is standing, the DC por-
tion of the x, y, and z signals detected by the posture
state sensor of posture state module 86 define a posture
vector that corresponds to center line 153A. The x, y, and
z signals may be measured while patient 12 is known to
be in a specified position, e.g., standing, and the meas-
ured vector may be correlated with the upright posture
state. Thereafter, when the DC portions of the posture
state sensor signal are within some predetermined cone
tolerance or proximity, e.g., as defined by an angle, dis-
tance or cosine value, of the posture reference coordi-
nate vector (i.e., center line 153A), it may be determined
that patient 12 is in the upright posture. In this manner,
asensed posture coordinate vector may be initially meas-
ured based on the output of one or more posture state
sensors of posture state module 86, associated with a
posture state, such as upright, as a reference coordinate
vector, and then later used to detect a patient’s posture
state.

[0159] As previously indicated, it may be desirable to
allow some tolerance to be associated with a defined
posture state, thereby defining a posture cone or other
volume. For instance, in regard to the upright posture
state, it may be desirable to determine that a patient who
is upright but leaning slightly is still in the same upright
posture state. Thus, the definition of a posture state may
generally include not only a posture reference coordinate
vector (e.g., center line 153A), but also a specified toler-
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ance. One way to specify a tolerance is by providing an
angle, such as cone angle A, relative to coordinate ref-
erence vector 153A, which results in posture cone 154
as described herein. Cone angle Ais the deflection angle,
or radius, of upright cone 154. The total angle that each
posture cone spans is double the cone angle. The cone
angles A, B, and C may be generally between approxi-
mately 1 degree and approximately 70 degrees. In other
examples, cone angles A, B, and C may be between
approximately 10 degrees and 30 degrees. In the exam-
ple of FIG. 8B, cone angles A, B, and C are approximately
20 degrees. Cone angles A, B, and C may be different,
and center lines 153A, 153B, and 153C may not be or-
thogonal to each other.

[0160] Insomeexamples,atolerance may be specified
by a cosine value or range of cosine values. The use of
cosine values, in some cases, may provide substantial
processing efficiencies. As described above, for exam-
ple, a minimum cosine value, determined using the ref-
erence coordinate vector as adjacent and sensed coor-
dinate vector as hypotenuse, indicates the range of vec-
tors inside the cone. If a sensed coordinate vector, in
conjunction with the reference coordinate vector for a
posture cone, produces a cosine value that is less than
the minimum cosine value for the posture cone, the
sensed coordinate vector does not reside within the per-
tinent posture cone. In this manner, the minimum cosine
value may define the outer bound of a range of cosine
values within a particular posture cone defined in part by
a reference coordinate vector.

[0161] While center lines 153A, 153B, 153C of each
of the posture cones 154, 156, 158, respectively, are
shown in FIG. 8B as being substantially orthogonal to
each other, in other examples, center lines 153A, 153B,
and 153C may not be orthogonal to each other, and need
not even reside within the same plane. Again, the relative
orientation of centerlines 153A, 153B, 153C may depend
on the actual reference coordinate vector output of the
posture state sensor of posture state module 86 of IMD
14 when patient 12 occupies the respective postures.
[0162] Insome cases, all of the posture cones may be
individually defined based on actual reference coordinate
vectors. Alternatively, in some cases, some posture
cones may be defined with reference to one or more ref-
erence coordinate vectors for one or more other posture
cones. For example, lying reference coordinate vectors
could be assumed to be orthogonal to an upright refer-
ence coordinate vector. Alternatively, lying reference co-
ordinate vectors could be individually determined based
on sensed coordinate vectors when the patient is in re-
spective lying postures. Hence, the actual reference co-
ordinate vectors for different postures may be orthogonal
or non-orthogonal with respect to one another, and need
not reside within a same plane.

[0163] In addition to upright cone 154, lying back cone
156, and lying front cone 158, posture state space 152
may include additional posture cones. For example, a
lying right cone may be provided to define a patient pos-
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ture in which patient 12 is lying on his right side and a
lying left cone may be provided to define a patient posture
in which patient 12 is lying on his left side. In some cases,
the lying right cone and lying left cone may be positioned
approximately orthogonal to upright cones 154, in ap-
proximately the same plane as lying back cone 156 and
lying front cone 158. Moreover, posture state space 152
may include an inverted cone positioned approximately
opposite of upright cone 154. Such a cone indicates that
the patient’s posture is inverted from the upright posture,
i.e., upside down.

[0164] In some examples, to detect the posture state
of a patient, posture state module 86 of IMD 14 may de-
termine a sensed coordinate vector based on the posture
sensor data generated by one or more posture state sen-
sors, and then analyze the sensed coordinate vector with
respect to posture cones 154, 156, 158 of FIG. 8B. For
example, in a case in which a posture cone is defined by
areference coordinate vector and a tolerance angle, e.g.,
tolerance angle "A," posture state module 86 may deter-
mine whether the sensed coordinate vector is within up-
right posture cone 154 by calculating the angle between
the sensed coordinate vector and reference coordinate
vector, and then determine whether the angle is less than
the tolerance angle "A." If so, posture state module 86
determines that the sensed coordinate vector is within
upright posture cone 154 and detects that patient 12 is
in the upright posture. If posture state module 86 deter-
mines that sensed coordinate vector is not within upright
posture cone 154, posture state module 86 detects that
patient 12 is not in the upright posture.

[0165] Posture state module 86 may analyze the
sensed coordinate vector in posture state space 152 with
respect to each individual defined posture cone, such as
posture cones 156 and 158, in such a manner to deter-
mine the posture state of patient 12. Forexample, posture
state module 86 may determine the angle between the
sensed coordinate vector and reference coordinate vec-
tor of individual posture cones defined for the posture
state, and compare the determined angle to the tolerance
angle defined for the respective posture cone. In this
manner, a sensed coordinate vector may be evaluated
against each posture cone until a match is detected, i.e.,
until the sensed coordinate vector is found to reside in
one of the posture cones. Hence, a cone-by-cone anal-
ysis is one option for posture detection.

[0166] In other examples, different posture detection
analysis techniques may be applied. For example, in-
stead of testing a sensed coordinate vector against pos-
ture cones on a cone-by-cone basis, a phased approach
may be applied where the sensed coordinate vector is
classified as either upright or not upright. In this case, if
the sensed coordinate vector is not in the upright cone,
posture state module 86 may determine whether the
sensed coordinate vector is in a lying posture, either by
testing the sensed coordinate vector against individual
lying posture cones or testing the sensed coordinate vec-
tor against a generalized lying posture volume, such as
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a donut- or toroid-like volume that includes all of the lying
postures, and may be defined using an angle or cosine
range relative to the upright vector, or relative to a mod-
ified or virtual upright vector as will be described. In some
cases, if lying postures are defined by cones, the lying
volume could be defined as a logical OR of the donut- or
toroid-like volume and the volumes of the lying posture
cones. If the cones are larger such that some portions
extend beyond the lying volume, then those portions can
be added to the lying volume using the logical OR-like
operation.

[0167] If the sensed coordinate vector resides within
the donut- or toroid-like lying volume, then the sensed
coordinate vector may be tested against each of a plu-
rality of lying posture cones in the lying volume. Alterna-
tively, the posture detection technique may not use lying
cones. Instead, a posture detection technique may rely
on a proximity test between the sensed coordinate vector
and each of the reference coordinate vectors for the re-
spective lying postures. The proximity test may rely on
angle, cosine value or distance to determine which of the
lying posture reference coordinate vectors is closest to
the sensed coordinate vector. Forexample, the reference
coordinate vector that produces the largest cosine value
with the sensed coordinate vector as hypotenuse and
the reference coordinate vector as adjacentis the closest
reference coordinate vector. In this case, the lying pos-
ture associated with the reference coordinate vector pro-
ducing the largest cosine value is the detected posture.
Hence, there are a variety of ways to detect posture, such
as using posture cones, using an upright posture cone
with lying volume and lying posture cone test, or using
an upright posture cone with lying volume and lying vector
proximity test.

[0168] As a further illustration of an example posture
detection technique, posture state module 86 may first
determine whether patient 12 is generally in a lying pos-
ture state or upright posture state by analyzing the
sensed coordinate vector in posture state space 152 with
respect to an axis 153A for the upright posture state. Axis
153A may correspond to the upright reference coordinate
vector. For example, angle "A" may be used to define
upright posture cone 154, as described above, and an-
gles "D" and "E" may be used to define the vector space
in which patient 12 may be generally considered to be in
the lying posture state, regardless of the particular pos-
ture state cone, e.g., lying front cone 158, lying back cone
156, lying right cone (not shown), or lying left cone (not
shown), in which the sensed coordinate vector falls.
[0169] Ifitis determined that a sensed coordinate vec-
tor is not within an angle A of the axis 153A, then it may
be determined that the patientis notin the upright posture
indicated by the upright posture cone. In this case, it may
next be determined whether a sensed coordinated vector
is generally in a lying posture space volume, which may
be considered somewhat donut- or toroid-like, and may
be defined relative to the upright reference coordinate
vector 153A. As shown, angles "D" and "E" define the
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minimum and maximum angle values, respectively, that
a sensed vector may form with respect to axis 153A of
patient 12 for a determination to be made that the patient
is generally in the lying posture state. Again, cosine val-
ues may be used instead of angles to determine the po-
sitions of sensed coordinate vectors relative to posture
cones or other posture volumes, or relative to reference
coordinate vectors.

[0170] Asillustrated, angles"D"and "E’ may be defined
with respect to vertical axis 153A (which may correspond
to an upright reference coordinate vector), which is the
reference coordinate vector for the upright posture cone,
rather than with respect to a reference coordinate vector
of a lying posture state cone. If a sensed vector is within
the angular range of D to E, relative to axis 153A, then
it can be determined by posture state module 86 that the
patient is generally in a lying posture. Alternatively, in
some examples, an angle C could be defined according
to a generally horizontal axis 153C (which may corre-
spond to one of the lying reference coordinate vectors).
In this case, if a sensed vector is within angle C of axis
153C, it can be determined by posture state module 86
that the patient is in a lying posture. In each case, the
region generally defining the lying posture state may be
referred to as a posture donut or posture toroid, rather
than a posture cone. The posture donut may generally
encompass a range of vectors that are considered to be
representative of various lying down postures.

[0171] As an alternative, posture state module 86 may
rely on cosine values or a range of cosine values to define
the posture donut or toroid with respect to axis 153A.
When the sensed vector falls within the vector space de-
fined by axis 153A and angles "D" and "E", or produces
a cosine value with the reference-coordinate vector 153A
in a prescribed range, posture state module 86 may de-
termine that patient 12 is generally in a lying posture
state. For example, if the sensed vector and reference
coordinate vector 153 produce a cosine value in a first
range, the posture is upright. If the cosine value is in a
second range, the posture is lying. If the cosine value is
outside of the first and second ranges, the posture may
be indeterminate. The first range may correspond to the
range of cosine values that would be produced by vectors
in posture cone 154 defined by angle A, and the second
range may be correspond to cosine values that would be
produced by vectors in the posture donut defined by an-
gles D and E.

[0172] When the sensed vector fall within the vector
space defined by axis 153A and angles "D" and "E", as
indicated by angle or cosine value, posture state module
86 may then determine the particular lying posture state
occupied by patient 12, e.g., lying front, lying back, lying
right, or lying left. To determine the particular lying pos-
ture state occupied by patient 12, posture state module
86 may analyze the sensed vector with respect to refer-
ence coordinate vectors for individual lying posture state
cones, e.g., lying front cone 156, lying back cone 158,
lying right cone (not shown), and lying left cone (not
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shown), using one more techniques previously de-
scribed, such as angle or cosine techniques. For exam-
ple, posture state module 86 may determine whether the
sensed coordinated vector resides within one of the lying
posture state cones and, if so, select the posture state
corresponding to that cone as the detected posture state.
[0173] FIG. 8C illustrates an example posture state
space 155 thatis athree-dimensional space substantially
similar to posture state space 152 of FIG. 8B. Posture
state space 155 includes upright posture cone 157 de-
fined by reference coordinate vector 167. The tolerance
that defines upright posture cone 157 with respect to ref-
erence coordinate vector 167 may include a tolerance
angle or cosine value, as described above. In contrast
to determining whether a sensed coordinate vector re-
sides in a lying cone, FIG. 8C illustrates a method for
detecting a lying posture based on proximity of a sensed
coordinate vector to one of the reference coordinate vec-
tors for the lying postures.

[0174] As shown in FIG. 8C, posture state space 155
includes four reference coordinate vectors 159, 161, 163,
165, which are associated with lying left, lying right, lying
front, and lying back posture states, respectively. Posture
state module 86 may have defined each of the four ref-
erence coordinated vector 159, 161, 163, 165 based on
the output of one or more posture sensors while patient
12 occupied each of the corresponding posture states.
Unlike lying front and lying back posture cones 158, 156
in the example of FIG. 8B, the posture state reference
data for the four defined posture states corresponding to
reference vectors 159, 161, 163, 165 need not include
angles defined relative to the respective reference vector
in a manner that defines a posture cone. Rather, as will
be described below, the respective posture state refer-
ence vectors may be analyzed with respect to one an-
other in terms of cosine values to determine which par-
ticular reference coordinate vector is nearest in proximity
to a sensed coordinate vector.

[0175] In some examples, to determine the posture
state of patient 12, posture state module 85 may deter-
mine whether a sensed coordinate vector is within upright
posture cone 157 by analyzing the sensed coordinate
vector in view of the tolerance angle or cosine value(s)
defined with respect to upright posture reference coordi-
nate vector 167, or whether the sensed vector is within
a posture donut or toroid defined by a range of angles
(as in FIG. 8B) or cosine values with respect to upright
posture reference coordinate vector 167, in which case
posture state module 86 may determine that patient 12
is in a general lying posture state.

[0176] If posture state module 86 determines that pa-
tient 12 is occupying a general lying posture state, pos-
ture state module 86 may then calculate the cosine value
of the sensed coordinate vector with respectto each lying
reference coordinate vectors 159, 161, 163, 165. In such
acase, posture state module 86 determines the particular
lying posture state of patient 12, i.e., lying left, lying right,
lying front, lying back, based on which cosine value is
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the greatest of the four cosine values. For example, if the
cosine value calculated with the sensed vector as the
hypotenuse and the lying front reference vector 163 as
the adjacent vector is the largest value of the four cosine
values, the sensed vector may be considered closest in
proximity to lying front reference vector out of the four
total reference vectors 159, 161, 163, 165. Accordingly,
posture state module 85 may determine that patient 12
is occupying a lying front posture state.

[0177] In some examples, posture state module 86
may determine whether patient 12 is generally in a lying
posture state based on the relationship ofa sensed vector
to upright reference vector 167. For example, as de-
scribed above, a lying posture donut or toroid may be
defined with respect to upright posture reference vector
167, e.g., using angles D and E as in FIG. 8B. Such a
technique may be appropriate when lying posture refer-
ence vectors 159, 161, 163, 165 define a common plane
substantially orthogonal to upright posture reference vec-
tor 167. However, the lying posture reference vectors
159, 161, 163, 165 may not in fact be orthogonal to the
upright reference coordinate vector 167. Also, the lying
posture reference vectors 159, 161, 163, 165 may not
reside in the same plane.

[0178] To account for non-orthogonal reference vec-
tors, in other examples, a lying posture donut or toroid
may be defined with respect to a modified or virtual up-
right reference vector 169 rather than that actual upright
posture reference vector 167. Again, such a technique
may be used in situations in which the lying reference
vectors 159, 161, 163, 165 are not in a common plane,
or the common plane of reference vector 159, 161, 163,
165 is not substantially orthogonal to upright reference
vector 167. However, use of the example technique is
not limited to such situations.

[0179] To define virtual upright reference vector 169,
posture state module 86 may compute the cross-prod-
ucts of various combinations of lying reference vectors
159, 161, 163, 165 and average the cross product values.
In the example of FIG. 8C, posture state module 86 may
compute four cross products and average the four cross
product vectors to yield the virtual upright vector. The
cross product operations that may be performed are: ly-
ing left vector 159 x lying back vector 165, lying back
vector 165 x lying right vector 161, lying right vector 161
x lying front vector 163, and lying front vector 163 x lying
left vector 159. Each cross product yields a vector that
is orthogonal to the two lying reference vectors that were
crossed. Averaging each of the cross product vectors
yields a virtual upright reference vector that is orthogonal
to lying plane 171 approximately formed by lying refer-
ence vectors 159, 161, 163, 165.

[0180] Using virtual upright reference vector 169, pos-
ture state module 86 may define a lying posture donut or
toroid in a manner similar to that described with respect
to upright reference vector 167, but instead with respect
to virtual upright reference vector 169. In particular, when
posture state module 86 determines that the patient is
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not in the upright posture, the posture state module de-
termines whether the patient is in a lying posture based
on an angle or cosine value with respect to the virtual
upright reference vector 169.

[0181] Posture state module 86 may still determine
whether patient 12 is in an upright posture state using
upright posture cone 157. If posture state module 86 de-
termines that patient 12 is occupying a general lying pos-
ture state based on the analysis of the sensed coordinate
vector with respectto virtual upright reference vector 169,
posture state module 86 may then calculate the cosine
value of the sensed coordinate vector (as hypotenuse)
with respect to each lying reference coordinate vectors
159, 161, 163, 165 (as adjacent).

[0182] In such a case, posture state module 86 deter-
mines the particular lying posture state of patient 12, i.e.,
lying left, lying right, lying front, lying back, based on
which cosine value is the greatest of the four cosine val-
ues. For example, if the cosine value calculated with the
lying front reference vector 163 is the largest value of the
four cosine values, the sensed vector may be considered
closest in proximity to lying front reference vector out of
the four total reference vectors 159, 161, 163, 165. Ac-
cordingly, posture state module 85 may determine that
patient 12 is occupying a lying front posture state.
[0183] Additionally, posture state definitions are not
limited to posture cones. For example, a definition of a
posture state may involve a posture vector and a toler-
ance, such as a maximum distance from the posture vec-
tor. So long as a detected posture vector is within this
maximum distance from the posture vector that is includ-
ed in the definition of the posture state, patient 12 may
be classified as being in that posture state. This alterna-
tive method may allow posture states to be detected with-
out calculating angles, as is exemplified above in the dis-
cussion related to posture cones.

[0184] Further to the foregoing, posture states may be
defined that are specific to a particular patient’s activities
and/or profession. For instance, a bank teller may spend
a significant portion of his working day leaning forward
at a particular angle. A patient-specific "Leaning For-
ward" posture state including this angle may be defined.
The cone angle or other tolerance value selected for this
posture state may be specific to the particular posture
state definition for this patient. In this manner, the defined
posture states may be tailored to a specific user, and
need not be "hard-coded" in the IMD.

[0185] In some examples, individual posture states
may be linked together, thereby tying posture states to
a common set of posture reference data and a common
set of therapy parameter values. This may, in effect,
merge multiple posture cones for purposes of posture
state-based selection of therapy parameter values. For
example, all lying posture state cones (back, front, left,
right) could be treated as one cone or a donut/toroid, e.g.,
using a technique the same as or similar to that described
with respect to FIGS. 8B and 8C to define a donut, toroid
or other volume. One program group or common set of
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therapy parameter values may apply to all posture states
in the same merged cone, according to the linking status
of the posture states, as directed via external program-
mer 20.

[0186] Merging posture cones or otherwise linking a
plurality of posture states together may be useful for ex-
amples in which a common set of therapy parameter val-
ues provides efficacious therapy to patient 12 for the plu-
rality of posture states. In such an example, linking a
plurality of posture states together may help decrease
the power consumption required to provide posture-re-
sponsive therapy to patient 12 because the computation
required to track patient posture states and provide re-
sponsive therapy adjustments may be minimized when
a plurality of posture states are linked together.

[0187] Linking of posture states also may permita ther-
apy parameter value adjustment in one posture state to
be associated with multiple posture states at the same
time. For example, the same amplitude level for one or
more programs may be applied to all of the posture states
in a linked set of posture states. Alternatively, the lying
down posture states may all reside within a "donut" or
toroid that would be used instead of separate comes 156
and 158, for example. The toroid may be divided into
sectional segments that each correspond to different
posture states, such as lying (back), lying (front), lying
(right), lying (left) instead of individual cones. In this case,
different posture reference data and therapy parameter
values may be assigned to the different sectional seg-
ments of the toroid.

[0188] FIG. 9 is a conceptual diagram illustrating an
example user interface 168 of a patient programmer 30
for delivering therapy information to patient 12. In other
examples, a user interface similar to user interface 168
may also be shown on clinician programmer 60. In the
example of FIG. 9, display 36 of patient programmer 30
provides user interface 168 to the user, such as patient
12, via screen 170. Screen 170 includes stimulation icon
174, IMD battery icon 176, programmer battery icon 178,
navigation arrows 180, automatic posture response icon
182, group selection icon 184, group identifier 186, pro-
gram identifier 188, amplitude graph 190, and selection
box 192. User interface 168 provides information to pa-
tient 12 regarding group, program, amplitude, and auto-
matic posture response status. User interface 168 may
be configurable, such that more or less information may
be provided to patient 12, as desired by the clinician or
patient 12.

[0189] Selection box 192 allows patient 12 to navigate
to other screens, groups, or programs using navigation
arrows 180 to manage the therapy. In the example, of
screen 170, selectionbox 192 is positioned so that patient
12 may use arrows 44 and 48 to move to the automatic
posture response screen, the volume screen, the con-
trast or illumination screen, the time screen, and the
measurement unit screen of patient programmer 30. In
these screens, patient 12 may be able to control the use
of the automatic posture response feature and adjust the
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patient programmer 30 features. Patient 12 may only ad-
just the features surrounded by selection box 192.
[0190] Group identifier 186 indicates one of possibly
several groups of programs that can be selected for de-
livery to patient 12. Group selection icon 184 indicates
whether the displayed group, e.g., group B in FIG. 9, is
actually selected for delivery to patient 12. If a presently
displayed group is selected, group selection icon 184 in-
cludes a box with a checkmark. If a presently displayed
group is not selected, group selection icon 184 includes
a box without a checkmark. To navigate through the pro-
gram groups, a user may use control pad 40 to move
selection box 192 to select the group identifier 186 and
then use control pad 40 to scroll through the various
groups, e.g., A, B, C, and so forth. IMD 14 may be pro-
grammed to support a small number of groups or a large
number of groups, where each group contains a small
number of programs or a large number of programs that
are delivered simultaneously, in sequence, or on a time-
interleaved basis.

[0191] For each group, group selection icon 184 indi-
cates the appropriate status. For a given group, program
identifier 188 indicates one of the programs associated
with the group. In the example of FIG. 9, no program
number is indicated in program identifier 188 because all
of the programs’ amplitudes are shown in each bar of
amplitude graph 190. Solid portions of the bars indicate
the relative amplitude IMD 14 currently is using to deliver
stimulation therapy to patient 12, while open portions of
the bars indicate the remaining amplitude available to
each program. In some embodiments, numerical values
of each program’s amplitude may be shown in addition
to or in place of amplitude graph 190. In other embodi-
ments of user interface 168 specific to drug delivery using
IMD 26, amplitude graph 190 may show the flow rate of
drugs or frequency of bolus delivery to patient 12. This
information may be show in numerical format as well.
Patient 12 may encompass group selection icon 184 with
selection box 192 to scroll between the different pro-
grams of the selected group.

[0192] Automatic posture response icon 182 indicates
that IMD 14 is generally activated to automatically
change therapy to patient 12 based upon the posture
state detected by posture state module 86. In particularly,
automatic posture responsive therapy may involve ad-
justing one or more therapy parameter values, selecting
different programs or selecting different program groups
based on the detected posture state of the patient. How-
ever, automatic posture response icon 182 is not present
next to group identifier 186. Therefore, group "B" does
not have automatic posture responsive therapy activated
for any of the programs within group "B."

[0193] Some groups or individual programs in groups
may support automatic posture responsive therapy. For
example, automatic adjustment of one or more therapy
parameters in response to posture state indication may
be selectively activated or deactivated based on settings
entered by a clinician, or possibly patient 12. Hence,



51 EP 2 331 198 B1 52

some programs or groups may be configured for use with
posture responsive therapy while other programs or
groups may not be configured for use with posture re-
sponsive therapy. In some cases, if posture responsive
therapy supported by the automatic posture response
feature is desired, patient 12 may need to switch therapy
to a different group that has automatic posture respon-
sive therapy activated for IMD 14 to adjust therapy ac-
cording to the patient 12 posture state.

[0194] FIG. 10 is a conceptual diagram illustrating an
example user interface 168 of a patient programmer 30
for delivering therapy information that includes posture
information to the patient. In other examples, user inter-
face 168 may also be shown on clinician programmer
60. In the example of FIG. 10, display 36 of patient pro-
grammer 30 provides user interface 168 to the user, such
as patient 12, via screen 194. Screen 194 includes stim-
ulation icon 174, IMD battery icon 176, programmer bat-
tery icon 178, and automatic posture response icon 182,
similar to screen 170 of FIG. 9. In addition, screen 194
includes group selection icon 184, group identifier 186,
supplementary posture state indication 202, program
identifier 196, posture state indication 200, amplitude val-
ue 204, selection box 192, and selection arrows 180.
User interface 168 provides information to patient 12 re-
garding group, program, amplitude, automatic posture
response status, and posture state information. More or
less information may be provided to patient 12, as desired
by the clinician or patient 12.

[0195] Group identifier 186 indicates that group "B" is
active, and automatic posture response icon 182 indi-
cates group "B" (containing one or more programs) is
activated to allow IMD 14 to automatically adjust therapy
according to the posture state of patient 12. Specifically,
the posture state of patient 12 is the posture state in the
example of FIG. 10. Program identifier 196 illustrates that
information regarding program "1" of group "B" is dis-
played on screen 194, such as amplitude value 204 il-
lustrating the current voltage amplitude of program "1" is
2.85 Volts. Patient 12 may scroll through different pro-
grams of the group by using navigation arrows 180 via
arrows 44 and 48 of control pad 40.

[0196] In addition, posture state indication 200 shows
that IMD 14 has detected that patient 12 is in the upright
or standing posture. Supplementary posture state indi-
cation 202 supplements posture state indication 200 by
illustrating in words to patient 12 the exact posture being
detected by posture state module 86 of IMD 14. Posture
state indication 200 and supplementary posture state in-
dication 202 change according to the sensed, or detect-
ed, posture state detected by IMD 14. The posture state
may be communicated to external programmer 20 im-
mediately when IMD 14 detects a posture change, or
communicated periodically or non-periodically by IMD 14
unilaterally or upon receiving a request from programmer
20. Accordingly, the posture state indication 200 and/or
supplementary posture state indication 202 may repre-
sent a current, up-to-the minute status, or a status as of
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the mostrecent communication of posture state from IMD
14. Posture state indication 200 is shown as a graphical
representation, but the posture state indication may al-
ternatively be presented as any one of a symbolic icon,
a word, a letter, a number, an arrow, or any other repre-
sentation of the posture state. In some cases, posture
state indication 200 may be presented without supple-
mentary posture state indication 202.

[0197] Selection box 192 indicates that patient 12 view
other programs within group "B" using selection arrows
208. Selection box 192 may be moved to select other
screen levels with control pad 40 in order to navigate
through other stimulation groups or adjustable elements
of the therapy. When patient 12 selects a different pro-
gram with control pad 40, program identifier 196 will
change number to correctly identify the current program
viewed on screen 194.

[0198] In addition to graphical, textual or other visible
indications of posture state, the external programmer
may present audible and/or tactile indications of posture
state via any of a variety of audible or tactile output media.
Anaudible indication may be spoken words stating a pos-
ture state, or different audible tones, different numbers
of tones, or other audible information generated by the
programmer to indicate posture state. A tactile indication
may be, for example, different numbers of vibratory puls-
es delivered in sequence or vibratory pulses of different
lengths, amplitudes, or frequencies.

[0199] FIG. 11Ais a conceptual diagramillustrating an
example user interface 208 for orienting the implantable
medical device prior to diagnostic or therapy use. User
interface 208 is described as generally being displayed
by clinician programmer 60. However, user interface 208
may also be displayed by patient programmer 30 or some
other external programmer 20 or remote device. In any
case, user interface 208 displays information related to
sensing posture states, automatic posture response, re-
viewing recorded therapy adjustment information, and
suggested therapy parameters to increase therapy effi-
cacy.

[0200] Inthe example of FIG. 11A, screen 210 of user
interface 208 presents orient information 236, operation-
al menu 224, networking icon 214, printer icon 216, IMD
communication icon 218, programmer battery icon 220,
stimulation status icon 222, patient data icon 226, data
recording icon 228, device status icon 230, programming
icon 232, and data reporting icon 234. In addition, screen
210 includes posture state selections 238A, 238B, 238C,
238D, and 238E (collectively "posture state selections
238"), reset button 240, help button 242, and orient button
244. Screen 210 may be accessed by selecting program-
ming icon 232 to open a drop down menu that allows the
user to select one of multiple different screens. The user
may select "orient device" or some other text or icon that
symbolizes access to the process for initializing the ori-
entation of the posture state sensor within IMD 14.
[0201] Screen 210 includes multiple menus and icons
common to other screens of user interface 208. Opera-
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tional menu 224 is a button that the user may select to
view multiple options or preferences selectable by the
user. Operational menu 224 may provide preferences for
clinician programmer 60 instead of therapy specific in-
formation. Networking icon 214 is shown as grayed out
to indicate that clinical programmer 60 is not currently
connected to a network. When networking icon 214 is
shown fully, clinician programmer 60 is connected to a
network. Printer icon 216 indicates when clinician pro-
grammer 60 is connected to a printer. When printer icon
216is grayed outas shown in FIG. 11A, there is no printer
connected to clinician programmer 60.

[0202] Further, IMD communication icon 218 is shown
as indicating that clinician programmer is not in commu-
nication with IMD 14 because the icon includes a slash
through the IMD representation. The slash is removed
when clinician programmer 60 has established a com-
munication link to IMD 14. In addition, programmer bat-
tery icon 220 indicates the current charge level of the
battery contained within clinician programmer 60. Stim-
ulation status icon 222 indicates to the user when stim-
ulation is being delivered to patient 12. Stimulation is not
currently being delivered, but stimulation status icon 222
may include an electrical bolt through the IMD represen-
tation when stimulation is delivered.

[0203] Screen 210 also provides menu options related
to stimulation therapy of patient 12. Patient data icon 226
allows the user to enter and review data related to the
status of and the condition of patient 12. Data recording
icon 228 allows the user to navigate to other screens to
enter data recording preferences and review stored data.
Device statusicon 230 allows the user to view operational
status of components of IMD 14, such as electrodes,
leads, batteries, and any discovered problems. Program-
ming icon 232 allows the user to navigate to programming
screens that define the stimulation therapy parameters
used to deliver stimulation to patient 12. In addition, data
reporting icon 234 allows the user to view and print re-
ports of patient 12 progress and other therapy informa-
tion.

[0204] Specific to screen 210 of userinterface 208, the
clinician may initialize the orientation of the posture state
sensor of IMD 14 by helping patient 12 assume each of
posture state selections 238 and setting the output of the
posture state sensor to that particular posture state se-
lection. Orient information 236, while not necessary in all
examples, is provided to instruct the clinician on how to
orient IMD 14 to patient 12. Forexample, FIG. 11A shows
that the clinician has selected posture state selection
238A. Once patient 12 has assumed the standing posi-
tion, the clinician would select orient button 244 to have
IMD 14 set the posture state sensor output to the standing
posture state. The clinician would repeat this process for
each of posture state selections 238, in any order that
the clinician chooses. In other examples, the clinician
may not need to orient IMD 14 to each of the five posture
state selections 238. IMD 14 may only require three pos-
ture state selections, such as standing, one of lying back
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or lying front, and one of lying left and lying right.
[0205] The step of orienting IMD 14 may be necessary
before IMD 14 is capable of accurately sensing or de-
tecting any posture state engaged by patient 12. There-
fore, user interface 208 may prevent the clinician from
entering the record mode with IMD 14, for example, un-
less the clinician has oriented IMD 14 to patient 12. In
this manner, any recorded associations between therapy
adjustments and posture states or automatic posture re-
sponse therapy is completed appropriately.

[0206] FIG. 11Bis a conceptual diagramillustrating an
example user interface 208 showing the user that orien-
tation of the implantable medical device is complete. As
shown in FIG. 11B, screen 246 of user interface 208 in-
dicates to the clinician that orientation of IMD 14 has been
completed for each of the posture state selections 238
as described in FIG. 11A. Each of the posture state se-
lections 238 has a check mark through the graphical pos-
ture state indication on the right side of screen 246 to
indicate that each posture state selection 238 has been
oriented. Further, orient button 244 has been grayed out
so that the clinician cannot select it. Once clinician pro-
grammer 60 is presented with screen 246, the clinician
may move on to start the record mode, set programs for
each posture state, or any other programming task that
requires sensing of the posture state of patient 12. In
alternative examples, clinician programmer 60 may au-
tomatically begin the record mode and any other posture
state related applications once IMD 14 has been oriented
to patient 12. For example, objectification and record
modes may be automatically turned on once the orien-
tation process is completed.

[0207] FIGS. 12A and 12B are conceptual diagrams
illustrating an example user interface to determine orien-
tation of an implantable medical device without requiring
a patient to occupy each posture state for orientation.
FIGS. 12A and 12B illustrate example screens 211 and
247 of user interface 208 that are substantially similar to
screens 210 and 246 of FIGS. 11A and 11B. However,
the example of FIGS. 12A and 12B only require that pa-
tient 12 assumes four posture states of the possible five
posture states in order to orient IMD 14 to patient 12.
[0208] As shown in FIG. 12A, screen 211 of user in-
terface 208 presents orientinformation 237, posture state
selections 239A, 239B, 239C, 239D, and 239E (collec-
tively "posture state selections 239"), position button 241,
and orientbutton 245. The user may select "orientdevice"
or some other text or icon that symbolizes access to the
process for initializing the orientation of the posture state
sensor within IMD 14.

[0209] Screen 211 allows the clinician to initialize the
orientation of the posture state sensor of IMD 14 by help-
ing patient 12 assume some of the possible posture
states that IMD 14 may detect. Once patient 12 has as-
sumed the appropriate types of posture states indicated
by posture state selections 239, the posture state sensor
of IMD 14 will be oriented, or calibrated, with pertinent
reference coordinate vectors to function as described in
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this disclosure.

[0210] The reference coordinate vectors may be used
to define posture cones for different posture states for
some posture detection techniques. In some examples,
a reference coordinate vector may be used to define an
upright cone, and then lying reference coordinate vectors
for each of the lying posture states may be used to define
lying posture cones, or simply used directly as vectors
for cosine- or angle-based proximity testing in some pos-
ture detection techniques.

[0211] In the example of FIG. 12A, the clinician has
not selected the posture state that patient 12 will first
assume. Although there are five possible posture states,
screen 211 only requires that patient 12 assume four of
the five posture states. In any particular order, the clini-
cian orients IMD 14 to the upright position indicated by
posture state selection 239A, just one of the lying back
or lying front posture states indicated by posture state
selections 239B and 239C, the lying left posture state
indicated by posture state selection 239D, and the lying
right posture state indicated by posture state selection
239E.

[0212] The clinician may orient each of these posture
states by clicking on the appropriate posture state selec-
tion 239, ensuring that patient 12 has assumed that par-
ticular posture state, and selecting orient button 245. A
sensed coordinate vector is then assigned to the posture
state selection as a reference coordinate vector for use
in posture detection according to any of the posture de-
tection techniques described in this disclosure. At any
time, the clinician may check in which posture state that
IMD 14 is detecting patient 12 by selecting position button
241. Upon selecting position button 241, user interface
208 may provide an indication of the current posture state
of patient 12. Once each of these posture states is ori-
ented, therapy may proceed as described in this disclo-
sure.

[0213] As shown in FIG. 12B, screen 247 of user in-
terface 208 indicates to the clinician that orientation of
IMD 14 has been completed for each of the posture state
selections 239 as described in FIG. 12A. Each of the
posture state selections 239 has a check mark through
the graphical posture state indication on the right side of
screen 247 to indicate that each posture state selection
239 has been oriented. It should be noted that in an ex-
ample wherein a lying back posture state is an "opposite"
of the lying front posture sate, once either the lying back
or lying front posture state has been oriented, both pos-
ture state selections 239B and 239C will be checked as
completed.

[0214] In particular, in an example wherein the refer-
ence coordinate vectors for the lying back and lying front
posture states are in exactly opposite directions from one
another, once a reference coordinate vector is obtained
for one of the lying front or lying back posture states, the
inverse of that reference coordinate vector may be used
for the other of the lying front or lying back posture states.
For example, if the reference coordinate vector is ob-
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tained for the lying front posture state, then the reference
coordinate vectorfor the lying back posture state is simply
the inverse of the lying front reference coordinate vector,
and the actual reference coordinate vector for the lying
front posture state need not be obtained. Further, as
shown in FIG. 12B, orient button 245 has been grayed
out so that the clinician cannot select it.

[0215] Once clinician programmer 60 is presented with
screen 247, the clinician may move on to start the record
mode, set programs for each posture state, or any other
programming task that requires sensing of the posture
state of patient 12. In alternative examples, clinician pro-
grammer 60 may automatically begin the record mode
and any other posture state related applications once
IMD 14 has been oriented to patient 12. For example,
objectification and record modes may be automatically
turned on once the orientation process is completed.
[0216] FIG. 13 is a conceptual diagram illustrating ex-
ample posture search timer 250 and posture stability tim-
er 252 when patient 12 remains in one posture state. As
described herein, IMD 14 must be able to correctly as-
sociate each therapy adjustment with a therapy param-
eter to the intended posture state of patient 12 when the
therapy adjustment was made. For example, patient 12
may make therapy adjustments to customize the therapy
either after patient 12 moves to a different posture state
or in anticipation of the next posture state. IMD 14 may
employ posture search timer 250 and posture stability
timer 252 to track therapy adjustments and the current
posture state of patient 12. Although IMD 14 may asso-
ciate therapy adjustments of any therapy parameter to a
posture state, some examples of IMD 14 may only allow
the association of amplitude changes. In this manner,
patient 12 may change different therapy parameters such
as pulse width, pulse rate, or electrode configuration, but
IMD 14 will not store these therapy adjustments as being
associated to any posture state in some examples.
[0217] Posture search timer 250 has a search period
that is a set amount of time that patient 12 has from the
time the therapy adjustment is made, when posture
search timer 250 starts, to when the final posture state
must begin, prior to the expiration of the search period.
In other words, the therapy adjustment will not be asso-
ciated with a posture state entered after the search period
has expired. In addition, posture stability timer 252 has
a stability period that is a set amount of time that patient
12 must remain within the final posture state for the ther-
apy adjustment made to be associated with the final pos-
ture state. Posture stability timer 252 restarts at any time
that patient 12 changes posture states. In order to asso-
ciate a therapy adjustment with a posture state, the sta-
bility timer for the posture state must start before the end
of the search period, and the posture state must not
change during the stability period. Therefore, the search
period and stability period must overlap for the therapy
adjustment to be associated with a posture state not cur-
rently engaged by patient 12 when the therapy adjust-
ment was made.
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[0218] In the example of FIG. 13, patient 12 made a
therapy adjustment to one of the therapy parameters,
such as voltage or current amplitude, at time T,. There-
fore, posture search timer 250 starts at T, and runs for
a predetermined search period until time T,. When the
therapy adjustment is made, posture stability timer 252
also starts attime T, in the current posture state of patient
12 and runs for the stability period. In the example of FIG.
13, the stability period is the same as the search period.
Since patient 12 has not changed to any different posture
states between times T, and T4, the stability period also
ends at T,. The therapy adjustment made by patient 12
at time T, is associated with the posture state sensed
between times T, and T4 because both the search period
and stability period overlap. In the example of FIG. 13,
posture search timer 250 and posture stability timer 252
may not be needed, but their purpose may become clear-
er in the following examples.

[0219] The search period of posture search timer 250
may be of any time duration desired by a device manu-
facturer, and the clinician may or may not be permitted
to set the search period to a desired value or within a
predetermined search range. Generally, the search pe-
riod may be between approximately 30 seconds and 30
minutes, but it may be set to any time desired, including
a time that is outside of that range. More specifically, the
search period may be between approximately 30 sec-
onds and 5 minutes, or more preferably 2 minutes to 4
minutes in order to provide a reasonable amount of time
for patient 12 to be situated in the final desired posture
state. In some examples, and as described in the exam-
ples of FIGS. 13-17, the search period is approximately
3 minutes. In other cases, shorter search periods may
be used, e.g., approximately 1 second to 60 seconds, or
approximately 5 seconds to 20 seconds.

[0220] In addition, the stability period of posture stabil-
ity timer 252 may be of any time duration desired by the
manufacturer or clinician, where the clinician may or may
not be permitted to set the stability period. Generally, the
stability period is between approximately 30 seconds and
30 minutes, but it may be set to any time desired, includ-
ing times outside of that range. More specifically, the sta-
bility period may be between approximately 30 seconds
and 5 minutes, and more preferably 2 minutes to 4 min-
utes, in order to ensure that patient 12 is situated in the
final desired posture state for a reasonable amount of
time and that the final posture state is not just some tran-
sitional or interim posture state. In some examples, and
as described in the examples of FIGS. 13-17, the stability
period is approximately 3 minutes. Although the search
period and stability period may have the same duration,
they may be different in other examples. In other cases,
shorter stability periods may be used, e.g., approximately
1 second to 60 seconds, or approximately 5 seconds to
20 seconds.

[0221] As one illustration, reliable association results
may be achieved using a search period of approximately
10 to 30 minutes, and a stability period of approximately
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2to 4 minutes, and more preferably approximately 3 min-
utes. Search and stability periods in these ranges should
be effective in supporting reliable associations of patient
therapy adjustments with posture states over a range of
typical patient behavior. However, other ranges of sta-
bility period and search period may be used and, in some
cases, search and stability timer ranges may be custom-
ized for individual patients.

[0222] As described herein, associating therapy ad-
justments with intended posture states allow the user to
review the types of therapy adjustments patient 12 made
while assuming, or transitioning to, each posture state.
However, the associations may also be used to update
therapy parameters used by programs and groups to de-
fine the stimulation therapy delivered to patient 12, in-
stead of, or in addition to, simply storing the multiple as-
sociations for later review. For example, IMD 14 may
determine that a therapy adjustment made by patient 12
to increase the amplitude of the current program is as-
sociated with the next posture state assumed by patient
12. IMD 14 may then update and set the program to the
associated therapy parameter.

[0223] In this case, the next time patient 12 engages
in the same posture state as the association, IMD 14 will
deliver stimulation therapy according to the increased
amplitude made by patient 12 due to the association.
Therefore, IMD 14 may use posture search timer 252
and posture stability timer 254 to learn or update program
therapy parameters such that IMD 14 remembers the
previous therapy parameters of therapy delivery for sub-
sequent delivery according to the engaged posture state.
In general, upon detection of a patientadjustment to elec-
trical stimulation therapy delivered to the patient, and
sensing of a posture state of the patient, the adjustment
is associated with the sensed posture state if the sensed
posture state is sensed within a search period following
the detection of the adjustment and if the sensed posture
state does not change during a stability period following
the sensing of the sensed posture state.

[0224] FIG. 14 is a conceptual diagram illustrating ex-
ample posture search timer 254 and posture stability tim-
er 256 with one change in posture state. As shown in
FIG. 14, patient 12 makes an anticipatory therapy adjust-
ment for the next posture state that patient 12 does not
currently occupy. In other words, patient 12 makes a ther-
apy adjustment that the patient may believe is desirable
for a given posture in anticipation of transitioning to that
posture on an imminent or near-term basis. Posture
search timer 254 and posture stability timer 256 start at
time Ty when patient 12 makes a therapy adjustment in
a current posture state occupied at time T,. At time T4,
patient 12 changes to a second posture state that is dif-
ferent than the initial posture state occupied at time T,
Therefore, posture stability timer 256 restarts at time T,
with the change to the new posture state, still within the
search duration of posture search timer 254.

[0225] In general, patient therapy adjustments re-
ceived during the search period restart the search period.
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As a result, a series of patient therapy adjustments that
are entered closely in time are, in effect, clustered to-
gether such that intermediate adjustments are not asso-
ciated with the posture state. Instead, the last adjustment
in a series of closely spaced (in time) adjustments may
be associated with the posture state to represent the final
adjustment that brought the parameter to a level or value
deemed appropriate by the patient 12 for the given pos-
ture state. If the search period is three minutes, for ex-
ample, and the patient 12 makes four adjustments in volt-
age amplitude within three minutes of one another, e.g.,
4.6 volts to 4.8 volts, 4.8 volts to 5.0 volts, 5.0 volts to
5.1 volts, 5.1 volts to 5.3 volts, then the final adjustment
value of 5.3 volts may be associated with the posture
state. Each time that a new adjustment is entered within
the search period, the search period is reset. Once the
final adjustment is made, however, if there are no further
adjustments for another three minutes, and the stability
period is satisfied for the detected posture state, then the
final adjustment is associated with the posture state.
[0226] Time T, indicates the end of posture search tim-
er 254. Consequently, the only posture state that proc-
essor 80 of IMD 14 will associate with the therapy ad-
justment is the second posture state as long as the sec-
ond posture state satisfies the stability period of posture
stability timer 256, i.e., the patient occupies the second
posture state for the stability period. At time T3, patient
12 is still in the second posture when the stability period
ends, and the therapy adjustment is associated then to
the second posture state because the stability period
overlapped with the search period.

[0227] It should be noted that patient 12 may make
additional therapy adjustments within the search period.
If this occurs, any previous therapy adjustments made
before the search period or stability period is completed
are not associated to any posture state. Therefore, both
the search period and stability period must lapse, i.e.,
expire, in order for a therapy adjustment to be associated
with a posture state. However, in some examples, IMD
14 may allow therapy adjustments to be associated with
posture states as long as the search period has lapsed
or no different posture state was sensed during the
search period.

[0228] FIG. 15is a conceptual diagram illustrating ex-
ample posture search timer 258 and posture stability tim-
er 260 with two changes in posture states. As shown in
FIG. 15, patient 12 makes an anticipatory therapy adjust-
ment but is engaged in an interim posture state before
settling into the final posture state. Posture search timer
258 and posture stability timer 260 both start at time T
when patient 12 makes a therapy adjustment in a current
posture state engaged at time T,

[0229] Attime T4 patient 12 changes to a second pos-
ture state, or an interim posture state, that is different
than the initial posture state engaged at time T. There-
fore, posture stability timer 260 restarts at time T4, still
within the search duration of posture search timer 258.
At time T,, patient 12 changes to a third posture state,
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and again posture stability timer 260 restarts. Time T,
indicates the end of posture search timer 258, so the only
posture state that processor 80 of IMD 14 will associate
with the therapy adjustment is the third posture state be-
gun attime T, as long as the third posture state satisfies
the stability period of posture stability timer 260. At time
T,4, patient 12 is still in the third posture when the stability
period ends, and the therapy adjustment is associated
then to the third and final posture state because the sta-
bility period of the third posture state overlapped with the
search period.

[0230] FIG. 16 is a conceptual diagram illustrating ex-
ample search timer 262 and posture stability timer 264
with the last posture state change occurring outside of
the posture search timer. As shown in FIG. 16, patient
12 makes an anticipatory therapy adjustment but is en-
gaged in an interim posture state too long before settling
into the final posture state for the therapy adjustment to
be associated with any posture state. Posture search tim-
er 262 and posture stability timer 264 both start at time
Ty when patient 12 makes a therapy adjustment in a cur-
rent posture state engaged attime T,. Attime T4, patient
12 changes to a second posture state, or an interim pos-
ture state, that is different than the initial posture state
engaged attime T,. Therefore, posture stability timer 264
restarts at time T, still within the search duration of pos-
ture search timer 262.

[0231] However, the search timer expires at time T,
before patient 12 changes to a third posture state at time
T, when posture stability timer 264 again restarts. The
stability period for the third posture state then expires at
time T4. Since the third posture state did not start before
the search period expired at time T,, the search period
and stability period do not overlap and the therapy ad-
justment from time T is not associated to any posture
state. In other examples, therapy adjustments may still
be associated with the posture state occupied at time T
when the search period and last stability period do not
overlap.

[0232] The following is a further illustration of the ex-
ample described in FIG. 16 to put the example in context
of an example patient scenario. Patient 12 may be en-
gaged in the upright posture state when patient 12 makes
the therapy adjustment at time T, In this example, the
search duration is three minutes and the stability duration
is also three minutes. After two minutes, or at time T4,
patient 12 transitions to the lying left posture to cause
processor 80 of IMD 14 to restart posture stability timer
260.

[0233] If patient 12 remains within the lying left posture
for the full three minutes of the stability duration, then the
therapy adjustment would be associated with the lying
left posture. However, patient 12 leaves the lying left pos-
ture after only two minutes, or at time T, outside of the
search duration. At this point the therapy amplitude made
at time T, will not be associated with the next posture
state of patient 12. Therefore, the next posture state may
be the lying back posture state. Once IMD 14 senses the
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lying back posture state, IMD 14 may change therapy
according to the therapy parameters associated with the
lying back posture because IMD 14 is operating in the
automatic posture response mode. No new associations
with the therapy adjustment would be made in the exam-
ple of FIG. 16.

[0234] FIG. 17 is aflow diagramiillustrating an example
method for associating a received therapy adjustment
with a posture state. In general, in a record mode, IMD
14 or an external programmer 20 detecting patient ad-
justments to electrical stimulation therapy delivered to a
patient during multiple instances of a sensed posture
state, and associating the detected patient adjustments
with the sensed posture state of the patient. The associ-
ations can stored in memory for later retrieval to view
associations and/or support various programming tech-
niques for programming of therapy parameters for pos-
ture state-responsive therapy. Although the example of
FIG. 17 will be described with respect to patient program-
mer 30 and IMD 14, the technique may be employed in
any external programmer 20 and IMD or other computing
device. As shown in FIG. 17, user interface 106 receives
the therapy adjustment from patient 12 (266) and proc-
essor 80 of IMD 14 immediately starts the posture search
timer (268) and the posture stability timer (270).

[0235] If the posture state of patient 12 does not
change (272), processor 80 checks to determine if the
stability period has expired (276). If the stability period
has not expired (276), processor 80 continues to sense
for a posture state change (272). If the stability period
has expired (276), the processor 80 uses the final posture
state, i.e., the currently sensed posture state, to select
therapy parameters to deliver therapy (282). Processor
80 then associates the therapy adjustment with the final
posture state and retains the therapy adjustment for cur-
rent therapy (284).

[0236] If processor 80 senses a posture state change
(272), processor 80 determines if the search period has
expired (274). If the search period has not expired (274),
then processor 80 restarts the posture stability timer
(270). If the search period has expired (274), then proc-
essor 80 delivers therapy to patient 12 according to the
current posture state (278). Processor 80 retains the ther-
apy adjustment and does not associate the therapy ad-
justment with the final posture state because the search
period did not overlap with the stability period (280). Us-
ing the search and stability timers, each of the detected
adjustments is associated with a sensed posture state if
the sensed posture state is sensed within a search period
following the detection of the adjustment and if the
sensed posture state does not change during a stability
period following the sensing of the sensed posture state.
[0237] In some examples, as an alternative, a posture
stability timer may be employed without the use of a pos-
ture search timer. As described with respect to posture
stability timer 260, the posture stability timer may be start-
ed after a therapy adjustment and reset each time patient
12 changes posture states prior to expiration of the pos-
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ture stability timer. When the posture stability timer 260
expires, the therapy adjustment may be associated with
the posture state that patient 12 is occupying at that time.
In this manner, the therapy adjustment may be associ-
ated with the first stable posture state, i.e., the first pos-
ture state that remains stable for the duration of the pos-
ture stability timer, after the therapy adjustment, regard-
less of the amount of time that has past since the therapy
adjustment. Hence, in some implementations, processor
80 may apply only a stability timer without a search timer.
In some cases, the use of only a stability timer, without
a search timer, may be approximated by setting the
search timer value to a large value, such as 24 hours.
The effect of a very large search timer value is to operate
with only a stability timer.

[0238] It should be noted that, in an example imple-
mentation, processor 80 may not change therapy to pa-
tient 12 at any time until the stability period expires. In
otherwords, the posture stability timer may runindepend-
ently of the posture search timer to always track posture
states independently of therapy adjustments. Therefore,
IMD 14 may not perform any automatic posture state-
responsive stimulation until the posture state of patient
12 is stable and the stability period has expired. In this
manner, patient 12 may not be subjected to rapidly
changing therapy when transitioning between multiple
posture states. Alternatively, IMD 14 may employ a sep-
arate posture stability timer for changing therapy during
automatic posture response from the therapy adjustment
related posture stability timer described herein.

[0239] FIG 18 is a conceptual diagram illustrating an
example user interface 208 for initiating the record mode
that stores therapy adjustments for each posture state.
As shown in FIG. 18, screen 286 of user interface 208
allows the clinician to initiate or enable the record mode
that associates therapy adjustments to posture states
and stores the associations within IMD 14 and/or external
programmer 20. FIG. 18 is an example of clinician pro-
grammer 60 displaying user interface 208, but any pro-
grammer 20 may be used. Record mode selection 288
is checked to show that the clinician desires to initiate
the record mode. The clinician also has the opportunity
in screen 286 to enable and store objectification data
related to posture state information. As mentioned pre-
viously, objectification data may be automatically stored
unless the clinician turns off that application. For exam-
ple, objectification and/or record modes may be automat-
ically turned on once the orientation process is complet-
ed.

[0240] Screen 286 may also allow the clinicianto check
the orientation of the posture state sensor of IMD 14 by
selecting posture button 292. The current posture would
then be displayed in posture field 294. In some examples,
the posture state of patient 12 may be presented as a
picture or icon of the patient body, posture state, the pos-
ture cone used, a two dimensional or three dimensional
vector illustrating the position of the body of the patient
12 relative to the cones, or simply the current output co-
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ordinates of the posture state sensor. The clinician may
also be able to turn on or suspend the automatic posture
responsive stimulation that changes therapy based upon
the sensed posture state of patient 12, with posture con-
trol button 296. After the clinician checks to enable the
record mode selection 288, the clinician may select pro-
gram button 300 to enable the record mode. Alternatively,
the clinician may select clear button 298 to erase any
selections on screen 286.

[0241] FIGS. 19-26 are directed to clinician program-
mer 60, but could also be directed to any other external
programmer 20. FIG. 19 is a conceptual diagram illus-
trating an example user interface 208 showing stored
adjustment information and allowing programming with
a single confirmation input, i.e., one-click programming.
As shown in FIG. 19, screen 302 of user interface 208
presents associated therapy adjustment information in
addition to allowing the clinician to set a nominal therapy
parameter for a plurality of programs with a single con-
firmation input. Screen 302 includes group menu 304,
posture state menu 306, therapy adjustment information
308, confirmation button 318, and summary button 320.
[0242] Ingeneral, screen 302 presents therapy adjust-
ment information to a user. The therapy adjustment in-
formation includes one or more therapy adjustments
made by a patient to at least one stimulation parameter
of one or more stimulation therapy programs for one or
more patient posture states. Upon receiving input from
the user that selects one or more nominal therapy pa-
rameters for each of the therapy programs and for each
of the posture states based on the therapy adjustment
information, programmer sets the selected nominal ther-
apy parameters for each of the therapy programs and
posture states for use in delivering stimulation therapy
to the patient.

[0243] Group menu 304 allows the clinician to select
the desired group of programs to be displayed on screen
302. The groups presented in group menu 304 may be
static and not changeable during a programming session
with the clinician. However, some examples of user in-
terface 208 may allow newly added or deleted groups to
be shown in updated group menu 304. In addition, group
menu 304 may only show groups in which automatic pos-
ture response is currently active. If a device with groups
A, B and C is interrogated, and then groups D and E are
added during a programming session, the group list may
not update in some configurations of the programmer
and IMD. In other examples, however, the group list could
update automatically. The list could be filtered based on
which groups are enabled for posture-responsive thera-
py and which are not.

[0244] Currently, in the example of FIG. 19, the clini-
cian has selected program group "C," which is also the
group currently selected to deliver stimulation therapy
because of the quotation marks around the group letter.
Alternatively, the active group could be indicated with
any other indication representative that the group cur-
rently delivers therapy. Posture state menu 306 also al-
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lows the clinician to select the desired posture state so
that the therapy adjustment information that is presented
is related to the selected posture state. In particular, ther-
apy adjustment information may be displayed to indicate
adjustments made by the patient for a particular program
while occupying a particular posture state. In FIG. 19,
the clinician has selected the upright posture state in pos-
ture state menu 306, and group C in the group menu 304.
As a result, screen 302 of the programmer 60 presents
minimum and maximum values selected by the patient
for the individual programs in group C while the patient
occupied the upright posture state.

[0245] Therapy adjustment information 308 includes
multiple fields that include data derived from the therapy
adjustment information stored within IMD 14, patient pro-
grammer 30, or clinician programmer 60. Program field
310 presents each program (C1, C2, C3) for the selected
group (C). Adjustment field 312 presents the quantified
number of adjustments (#Adj) patient 12 made for each
of the programs for a given posture state (e.g., Upright
in FIG. 19). The number of adjustments may be a total
or an average over a specific time interval, such as an
hour, day, week, or month, or over an open-ended time
interval, such as a therapy session running between suc-
cessive programming sessions, which may be in-clinic
or remote programming sessions in which IMD 14 is pro-
grammed with updating program parameters.

[0246] Minimum field 314 presents the minimum am-
plitude that patient 12 adjusted for each program, and
maximum field 316 presents the maximum amplitude that
patient 12 adjusted for each program. Therefore, mini-
mum field 314 and maximum field 316 provide an ampli-
tude range for each program within which patient 12 re-
ceived stimulation therapy while occupying a particular
posture. For example, program C1 was used to deliver
stimulation therapy with an amplitude between 5.5 volts
(V) and 5.9 V, where 5.5 volts was the minimum ampli-
tude selected by the patient and 5.9 V was the maximum
selected by the patient in the relevant time interval while
occupying the relevant posture state (e.g., Uprightin FIG.
19). The amplitude is provided in volts but IMD 14 alter-
natively may deliver stimulation as constant current.
However, if IMD 14 delivers stimulation with constant cur-
rent, the amplitude instead may be indicative of a current
amplitude displayed in amps.

[0247] With therapy adjustment information 308 pre-
sented to the clinician, screen 302 also allows the clini-
cian to make changes to the therapy parameters of each
of the programs shown on screen 302. In the example
of FIG. 19, the nominal therapy parameter for a program
is the minimum amplitude of the recorded therapy ad-
justments for that posture state. The clinician may desire
to set all of the programs of group "C" to their minimum
amplitudes for the given posture by selecting confirma-
tion button 318, a confirmation input, only one time. The
nominal therapy parameter may be a therapy parameter
selected from the therapy adjustments stored in the IMD.
In other words, in this example, the nominal therapy ad-
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justment is not weighted or calculated according to an
algorithm. In this manner, programming time may be de-
creased because the clinician may be provided with a
therapy parameter for programming and the program-
ming of a plurality of programs for a given posture state
may be completed with only a single click of confirmation
button 318. Upon selecting summary button 320, clinician
programmer 60 will present additional posture state in-
formation or therapy adjustment information, such as the
total number of therapy adjustments associated with
each posture state, as shown in FIG. 24.

[0248] As illustrated in FIG. 19 and discussed above,
by selecting program group via group menu 304 and pos-
ture state via posture state menu 306, a user can view a
number of adjustments 312 by the patient, minimum val-
ues 314 selected by the patient, and maximum values
selected by the patient for the programs C1-C3 in the
program group and particular posture states in which the
adjustments were made. Hence, the user may view this
information for different program groups and different
posture states, and then apply the pertinent minimum
amplitude as the nominal amplitude for the respective
program and posture state, e.g., via confirmation button
318. Then, when posture responsive therapy is running,
the IMD 14 will deliver stimulation with the pertinent min-
imum amplitude when the patient is applying the respec-
tive program while occupying the respective posture
state.

[0249] Screen 302 only presents recorded amplitudes
that were associated with each posture state for each
program, and may not show pulse width, pulse rate and
electrode configuration. However, screen 302 may alter-
natively be configured to show other stimulation therapy
parameter values in addition to the amplitudes or provide
a link for the user to view the additional therapy param-
eters. Although only therapy adjustments to amplitude
are associated and stored in IMD 14 in this example,
other therapy parameter adjustments may also be re-
corded in some examples. The association of therapy
adjustments could be performed for any one or more of
the therapy parameter values that define each program,
and even non-associated therapy parameters values
may be presented to the user via user interface 208. If
only amplitude adjustments are used, it may be implied
that each amplitude adjustment assumes constant pulse
width, pulse rate and electrode configuration for each
amplitude adjustment. In other examples, if patient 12
makes a change to pulse width, pulse rate, or electrode
configuration during therapy, any associated amplitudes
to that changed program may be erased because the
association of amplitude are no longer based on the orig-
inal therapy parameters used when the associations
were made.

[0250] In addition, screen 302 may not always allow
the clinician to confirm therapy parameter changes to
groups or programs deleted and re-added to therapy
since therapy adjustments were associated. In other
words, the groups and programs for which associations
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were made during use by patient 12 can only be modified
using the stored therapy adjustments when the groups
and programs presence for therapy is consistent. Fur-
ther, if any leads, in the case of electrical stimulation,
have been reconfigured for therapy, user interface 208
may prevent the clinician from making any changes to
the therapy parameters using confirmation button 318.
These restrictions of making changes to therapy may be
desired to preventthe clinician from making inappropriate
changes to therapy.

[0251] Although screen 302 only shows the programs
for one group at a time, and for one posture state at a
time, alternative examples of user interface 208 may pro-
vide more than one group of programs and more than
one posture state at one time. Then, the clinician may be
able to set more of the therapy parameters for multiple
groups of programs with a single click of confirmation
button 318. In other examples, the clinician may be able
to select a global confirmation button (not shown) that
sets the nominal therapy parameter for every program
within IMD 14 with a single click of the global confirmation
button.

[0252] Again, it may be implicit that the amplitudes that
are recorded and shown have a constant pulse width,
pulse rate, and electrode configuration. If, during the
course of a programming session, the user changes the
electrode configuration, pulse width, pulse rate or any
parameter that is not listed on this screen (because it
was implicit), the confirmation button 318 may be grayed
out for that group only, because the recorded amplitudes
only were valid in conjunction with the implicit pulse width,
rate, and electrode configuration. If a group is deleted
and then re-added (e.g., B is deleted and then re-creat-
ed), the confirmation button 318 may be grayed for that
group. If a program is either added or deleted in a group,
confirmation button 318 may be grayed out for that group.
If the lead configuration is changed, confirmation button
318 may be grayed out for all groups used for therapy.
[0253] FIG. 20 is a conceptual diagram illustrating an
example user interface 208 showing user selection of a
program group. As shown in FIG. 20, screen 302
presents the therapy adjustment information from the
record mode. Specifically, group menu 304 is shown in
the drop-down form that allows the clinician to select
which group of programs will be presented on screen
302. In the example of FIG. 20, available groups are A,
B, C, D, E, and F, but group menu 304 may have more
or less groups depending on how the clinician pro-
grammed stimulation therapy. In other examples, group
menu 304 may be a scrollable list, a text field for the
clinician to enter the desired group, or some other menu
that allows the clinician to select the desired group. Al-
ternatively, the clinician may be able to select multiple
groups at one time from group menu 304.

[0254] FIG. 21 is a conceptual diagram illustrating an
example user interface 208 showing user selection of a
posture state. In the example of FIG. 21, posture state
menu 306 of screen 302 is in the drop-down form to allow
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the clinician to select the desired posture state for which
therapy adjustment information will be presented. The
available posture states are upright, upright and active,
lying back, lying front, lying right, and lying left. In some
examples, if any posture states do not have associated
therapy adjustments for any programs of the selected
group, that posture state may either be grayed out or
absent from posture state menu 306. Further, user inter-
face 208 may allow multiple posture states to be selected
from posture state menu 306 when multiple posture
states can be presented on screen 302. In other exam-
ples, posture state menu 306 may be a scrollable list, a
text field for the clinician to enter the desired posture
state, or some other menu that allows the clinician to
select the desired posture state to be presented.
[0255] FIG 22 is a conceptual diagram illustrating an
example user interface 208 showing stored therapy ad-
justment information 323 for all posture states and all
programs of a program group to allow one-click program-
ming. FIG. 22 is an alternative presentation of therapy
adjustment information shown in FIGS. 19-21. As shown
in FIG. 22, screen 322 of user interface 208 presents
therapy adjustment information 323 stored during the
record mode of therapy. Screen 322 includes group
menu 324, posture states 326A, 326B, 326C, 326D,
326E, and 326F (collectively "posture state selections
326"), minimum amplitudes 328, programming informa-
tion 330, detail button 332, and summary button 334, and
confirmation button 336.

[0256] Group "C" has been selected in group menu
324, so all four programs C1, C2, C3, and C4 are shown
for the group. Therapy adjustment information 323 in-
cludes the minimum amplitude 328 that patient 12 ad-
justed for each program of the selected group in relation
to each of posture state selections 326. For example,
minimum patient-selected amplitudes 0f8.0,9.7,2.2, and
3.8 volts are shown for program C1 when the patient
occupied the upright, upright and active, lying back and
lying front posture states, respectively. Grayed out min-
imum amplitudes of therapy adjustment information 323,
e.g., all minimum amplitudes for lying right posture state
selection 326E, indicate that no therapy adjustments
were made by patient 12 to set the minimum amplitude
for that posture state and group. In this manner, the cli-
nician may identify the posture states for which patient
12 has made therapy adjustments. In alternative exam-
ples, screen 322 may present a different nominal therapy
parameter than minimum amplitudes 328. For example,
screen 322 may present maximum amplitudes or the last
used amplitudes.

[0257] Programming information 330 provides the cli-
nician with information on how to set the nominal therapy
parameters of minimum amplitudes 328 to all of the pro-
grams. Specifically, the clinician only needs to click on
confirmation button 336 to program each of the programs
C1-C4 with the presented minimum amplitudes for each
posture state. This single click dramatically reduces the
amountoftime needed to normally program the new stim-
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ulation parameter for each of the programs in each pos-
ture state. In addition, the clinician may select detail but-
ton 332 to view therapy adjustment details, as shown in
FIG. 23, and summary button 334 to view the total
number of therapy adjustments for each posture state,
as shown in FIG. 24.

[0258] FIG. 23 is a conceptual diagram illustrating an
example user interface 208 showing detailed adjustment
information associated with FIG. 22. As shown in FIG.
23, screen 338 of user interface 208 is navigated to by
the clinician via selection of detail button 332 of screen
322 or some other menu option of user interface 208.
Screen 338 presents therapy adjustmentinformation 339
stored within IMD 14 during the record mode. The clini-
cian may select which group to view via group menu 340
and when to return to screen 322 by selecting return but-
ton 352.

[0259] Foreach program of the selected group, screen
338 presents posture states 342A, 342B, 342C, 342D,
342E, and 342F (collectively "posture state selections
342"). Also, for each program and each posture state
selection 342, minimum amplitudes 344, maximum am-
plitudes 346, and last used amplitudes 348 are presented
to the clinician. Therefore, the clinician may review the
entire range of amplitudes used by patient 12 in addition
to the last used amplitude that may indicate which direc-
tion the therapy is progressing. As indicated by note 350,
grayed out amplitudes may indicate that they have not
been adjusted by patient 12. In other examples, screen
338 may present the number of therapy adjustments to
each program in each posture state in addition to, or in-
stead of, last used amplitudes 348. Other information re-
lated to therapy adjustments and posture state informa-
tion may also be presented in alternative examples of
screen 338.

[0260] In other examples, the therapy adjustment in-
formation may be arranged differently on screen 338. For
example, any unadjusted posture states may be removed
from screen 338 because patient 12 has not used those
posture states. Alternatively, therapy adjustment infor-
mation may include a mean or median amplitude for each
program and posture state selection 342. Further, upon
the selection of an amplitude within therapy adjustment
information 339, user interface 208 may display addition-
al data, such as each therapy adjustment, the time and
date stamp of each adjustment, the average adjustment
for each day within the last week, month, year, or entire
therapy, or any other detailed amplitude information. In
some examples, therapy information may provide adjust-
ments to other therapy parameters, such as pulse width,
pulse rate, or electrode configuration. Of course, any
therapy adjustment information related to drug delivery
therapy and IMD 26 may be presented to the clinician if
drug delivery is used instead of or in addition to electrical
stimulation therapy.

[0261] FIGS. 24A and 24B are conceptual diagrams
illustrating example user interface 208 that provides max-
imum and minimum therapy adjustments associated with
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each posture state in screen 337. Screen 337 of FIG.
24Ais similar to screen 336 of FIG. 23. As shown in FIG.
24A, screen 337 provides detailed adjustment informa-
tion associated with FIG. 22. As shownin FIG. 23, screen
337 of user interface 208 has been accessed by the cli-
nician via selection detail button 332 of screen 322 or
some other menu option of user interface 208. Screen
337 presents therapy adjustment information 335 stored
within IMD 14 during the record mode, including minimum
and maximum amplitude settings selected by a user as
adjustments to particular therapy programs when the pa-
tient occupied particular posture states. The clinician may
select which group to view via group menu 341 and when
to return to screen 322 by selecting return button 353.
Return button 353 also programs stimulation therapy with
the selected therapy values displayed in screen 337.
[0262] In the example of FIG. 24A, for each program
(C1, C2, C3) of the selected program group (C), screen
337 presents posture states 343A (Upright), 343B (Up-
right and Mobile), 343C (Lying Back), 343D (Lying Front),
343E (Lying Right), and 343F (Lying Left), collectively
posture state selections 343. Upright and Mobile may be
similar to or the same as an Upright and Active posture
state, described elsewhere in this disclosure. For each
program in the selected group and each posture state
selection 343A-343F, minimum amplitudes 347 and
maximum amplitudes 349 are presented to the clinician.
Therefore, the clinician may review the range of ampli-
tudes used by patient 12 for a particular program when
the patient occupied a particular posture state. As indi-
cated by note 351, the user is reminded that selecting
return button 353 enables posture responsive stimulation
for each selected posture state of screen 337 using the
respective minimum values of the amplitude settings. In
other examples, screen 337 may present the number of
therapy adjustments to each program in each posture
state. Other information related to therapy adjustments
and posture state information may also be presented in
alternative examples of screen 337. If a therapy adjust-
ment has not been made in a given program, then no
minimum or maximum amplitude value will be provided
in therapy adjustment information 335.

[0263] As anillustration, using screen 337, a user may
view minimum and maximum voltage (Min V and Max V)
settings for each of programs C1-C3 of the selected
group C, and for each of several posture states. By se-
lecting a posture state, e.g., by checking a box such as
box 345 for the Upright posture, the user may indicate
whether posture-responsive stimulation (AdaptiveStim)
should be delivered with the Min V amplitude setting in-
dicated for the posture state and program. If the patient
selects Upright, by checking box 345, and then selects
button 353, posture-responsive therapy will be delivered
with the Min V amplitude setting indicated for each of the
programs C1-C3 when the patient is determined to be in
the Upright posture state. By checking all posture states,
the pertinent Min V amplitude settings may be delivered
for each of programs C1-C3 when the patient is deter-
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mined to be in the pertinent posture state.

[0264] If the user has selected the Upright posture
state and then activated button 353, the IMD 14 will be
programmed to deliver stimulation with a voltage ampli-
tude of 0.8 volts for the C1 program, 1.05 volts for the
C2 program, and 0.8 volts for the C3 program when the
patient is in the Upright posture state and the selected
program group is group C. Likewise, for any other pos-
tures that the user has selected, upon activation of button
353, the programmer will be configured to program the
IMD 14 to deliver applicable minimum voltage amplitudes
of the programs in the selected group when the patient
is in the specified posture states. Again, in this manner,
the minimum voltage settings selected patient when a
particular program group was applied for a particular pos-
ture state will thereafter be applied when the program
group is applied and the patient again resides in the pos-
ture state. Hence, each posture state will have its own
amplitude settings for programs in different program
groups, and the amplitude settings are selected based
on the minimum settings manually entered by the patient
for the programs when the patient was in the posture
state.

[0265] In other examples, the therapy adjustment in-
formation may be arranged differently on screen 337. For
example; any unadjusted posture states may be removed
from screen 337 because patient 12 has not used those
posture states. Alternatively, therapy adjustment infor-
mation may include a mean or median amplitude for each
program and posture state selection 343. Further, upon
the selection of an amplitude within therapy adjustment
information 335, user interface 208 may display addition-
al data, such as each therapy adjustment, the time and
date stamp of each adjustment, the average adjustment
for each day within the last week, month, year, or entire
therapy, or any other detailed amplitude information. In
some examples, therapy adjustment information 335
may provide adjustments to other therapy parameters,
such as pulse width, pulse rate, or electrode configura-
tion. Of course, any therapy adjustment information 335
related to drug delivery therapy and IMD 26 may be pre-
sented to the clinician if drug delivery is used instead of
or in addition to electrical stimulation therapy.

[0266] FIG. 24B illustrates how the user may select a
desired group of therapy programs within screen 337 of
user interface 208. Upon selection of the down arrow of
group menu 341, user interface 208 provides the list of
allavailable therapy groups (e.g., A, B, C, etc.). As shown
in FIG. 24B, Group C is identified as the current group
that defines stimulation therapy. Upon the selection of
the desired group from group menu 341, screen 337
changes to show therapy adjustment information asso-
ciated with the selected group, including minimum and
maximum voltage settings for the programs in the select-
ed group when the patient occupied different posture
states.

[0267] FIG. 25A is a conceptual diagram illustrating an
example user interface 208 showing quantified therapy
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adjustments 356 for each posture state 358. Although
therapy adjustments 356 shows as cumulative of all ther-
apy programs, in other examples, screen 354 may only
present adjustments for programs in a specified therapy
group indicated on screen 354. Hence, user interface
208 may present the total number of adjustments for each
posture state for all programs delivered while the patient
was in the posture state, or show the total number of
adjustments for each posture state for each program
group delivered while the patientwas in the posture state.
As shown in FIG. 25A, screen 354 of user interface 208
is navigated to by the clinician via selection of summary
button 320 of screen 302, detail button 332 of screen
322, or some other menu option provided by user inter-
face 208. Screen 354 includes quantified therapy adjust-
ments 356 that include posture states 358 and a corre-
sponding adjustment value 360.

[0268] For each of the posture states 358, the clinician
may desire to view how many therapy adjustments were
made during the previous time interval or previous ther-
apy session. Therefore, adjustment values 360 provide
the total number of therapy adjustments associated with
each of the posture states sensed by IMD 14. Adjustment
values 360 may be a total number of adjustments during
therapy, or an average number of adjustments per hour,
day, week, month, or any other time interval that may or
may not be selectable by the clinician. In addition, ad-
justment values 360 may be averaged over a certain time
period by estimating the number of days or weeks over
the therapy session of interest. In the example of FIG.
25A, the number of adjustments for the Upright, Upright
and Active, Lying Back, Lying Front, Lying Right and Ly-
ing Left posture states were 38, 11, 19, 41, 21, and 14,
respectively, for a given period.

[0269] The quantified therapy adjustments 356 may be
useful to the clinician in determining posture states 358
for which patient 12 must manually adjust more often.
Fewer adjustments may indicate that patient 12 is man-
ually finding effective therapy often, while greater adjust-
ments may indicate that patient 12 may be having diffi-
culty manually finding therapy parameters that define ef-
fective therapy. These may be the appropriate inferences
when the range of therapy adjustments indicates a large
range of adjustments, e.g., a large range of voltage or
current amplitudes. When the quantified number of ad-
justments indicated by adjustment value 360 is high, the
clinician may desire to modify one or more programs to
find a different set of therapy parameters that better treat
patient 12, including parameters such as pulse width,
pulse rate, electrode combination and electrode polarity.
In this case, amplitude adjustments alone may be insuf-
ficient to provide effective therapy. In addition, screen
354 may provide trend information that shows if patient
12 has been making more or fewer adjustments over
time. For example, screen 354 may present a graph or
numerical representation of the trend data. The clinician
may then adjust the program therapy parameters accord-
ingly. Once the clinician is finished viewing screen 354,
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selection of return button 362 may bring the clinician back
to a previous screen or to a home screen or main menu
of clinician programmer 60.

[0270] As discussed above, a large number of adjust-
ments may indicate a lack of efficacy when the range of
adjustments is large. When the patient receives stimula-
tion that is not posture state-responsive, a large number
of adjustments over a small range of adjustments may
indicate a situation in which posture state-responsive
stimulation should be activated for the patient. In partic-
ular, if posture state-responsive stimulation is not ena-
bled, the number of patient therapy adjustments during
delivery of regular stimulation is large, and the range of
patient therapy adjustments is small, the patient 12 may
be a very good candidate for delivery of posture state-
responsive stimulation therapy. As an illustration, if pa-
tient 12 makes numerous adjustments in a narrow volt-
age amplitude range of a 4.8 to 5.2 volts for a given pos-
ture state, then delivery of posture state-responsive ther-
apy may be desirable for that posture state.

[0271] FIG. 25B is a conceptual diagram illustrating an
example user interface 355 showing quantified therapy
adjustments 357 and 363 for each posture state in all
groups and a specified group, respectively. Therapy ad-
justments 357 are provided as a cumulative value for
adjustments made during therapy according to all pro-
gram groups. Therefore, adjustments 361 provides a val-
ue for the number of adjustments made while patient 12
was engaged in each of posture states 359, regardless
of which program was being used to deliver therapy. The
value provided by adjustments 361 may be the number
of adjustments over the most recent session, e.g., since
the previous clinician visit, or during any other time peri-
od. Therapy adjustments 357 may allow the clinician to
identify the posture states 359 for which patient 12 is
having difficulty finding the appropriate stimulation ther-
apy parameters. Again, large number of adjustments
over a large range may indicate that the patient 12 is
having difficulty in tuning the stimulation for the posture,
whereas a large number of adjustments over a small
range may indicate that posture state-responsive therapy
is a good fit for the patient for the given posture state.
[0272] Quantified therapy adjustments 363 present ad-
justments that patient 12 has made only during therapy
delivered by the selected program group shown in group
menu 371. As shown in FIG. 25B, screen 355 presents
the number of adjustments 369 for each posture state
367. The user may view therapy adjustments for other
program groups by selecting a different group from group
menu 371. Therapy adjustments 363 may allow the cli-
nician to identify which group is best tailored to treat pa-
tient 12 by identifying the least number of adjustments.
Adjustments 369 may provide values that are normalized
to the length of time patient 12 received therapy with each
group so that the clinician may make comparisons be-
tween program groups. In other embodiments, screen
355 may immediately present the group with the most
adjustments 369 so that the clinician may begin remedy-
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ing the ineffective therapy, e.g., by making adjustments
to therapy parameters.

[0273] Asdiscussed above, the number of patient ther-
apy adjustments can be clustered, e.g., by application of
a search timer whereby therapy adjustments that are
closely spaced in time reset the search timer and result
in a single, final therapy adjustment as the therapy ad-
justment that is associated with the posture state. In this
manner, a number of closely spaced adjustments are
presented as a single programming intervention event.
Treatment of clustered adjustments as a single program-
ming intervention event may be especially appropriate if
the values of the adjustments are also close to one an-
other. In some implementations, rather than clustering
therapy adjustments that are received closely in time us-
ing a search timer or other technique, it may be desirable
to associate all of the individual patient therapy adjust-
ments with a posture state, even if the adjustments are
temporally close to one another. Accordingly, some im-
plementations may provide clustering of patient therapy
adjustments, while other implementations may not.
[0274] FIG. 26 is a conceptual diagram illustrating an
example user interface 208 showing quantified therapy
adjustmentinformation for all posture states of a program
group to allow one-click programming. FIG. 26 is an al-
ternative presentation of therapy adjustment information
shown in FIGS. 19-21 or FIGS. 22-25. As shown in FIG.
26, screen 364 of user interface 208 presents therapy
adjustment information 365 stored during the record
mode of therapy. Screen 365 includes group menu 366,
posture states 368A, 368B, 368C, 368D, 368E, and 368F
(collectively "posture state selections 368"), adjustment
values 370, minimum amplitudes 372, programming in-
formation 374, and confirmation button 376.

[0275] Once the clinician selects the desired group of
programs in group menu 366 (e.g., group C), screen 364
presents the respective therapy adjustment information
365. Specifically, screen 364 provides an adjustment val-
ue 370 and minimum amplitude 372 for each of the pro-
grams and posture state selections 368. Again, the min-
imum amplitude 372 represents the minimum value spec-
ified by the patient when adjusting the amplitude of a
program for a particular posture state. The adjustment
value 370 is the number of times that patient 12 adjusted
therapy for the specific program and posture state, and
any non-adjustment is indicated with a zero and grayed
out minimum amplitude 372. By a single click of confir-
mation button 376, the clinician may set the minimum
amplitude as the nominal stimulation parameter to be
delivered for each of the respective program and posture
state combinations to be used subsequently during ther-
apy. Therapy information 374 reminds the clinician on
how to program therapy with confirmation button 376.
[0276] FIG. 27 is aflow diagramiillustrating an example
method for associating therapy adjustments with posture
states during a record mode. As shown in FIG. 27, the
clinician uses clinician programmer 60 to orient the pos-
ture state sensor in the IMD to posture states of patient
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12 (378). For example, sensed vectors can be obtained
for each of a plurality of posture states, and used as ref-
erence coordinate vectors either alone or to define pos-
ture state cones or other volumes, such as lying posture
donut- or toroid-like volumes, as described in this disclo-
sure. Next, clinician programmer 60 receives input to in-
itiate the posture state record mode that associates ther-
apy adjustments made by the patient to posture states
(380). For example, when a sensed vector indicates a
particular posture state, e.g., by reference to cones, vec-
tors, or the like, and a patient makes a therapy adjust-
ment, that therapy adjustment may be associated with
the indicated posture state. After all other programming
is completed, IMD 14 delivers therapy to patient 12 ac-
cording to the therapy parameters stored as groups of
programs (382).

[0277] IfIMD 14 does notreceive atherapy adjustment
from patient 12 via patient programmer 30 (384), IMD 14
continues delivering therapy to patient 12 (382). Howev-
er, if IMD 14 does receive a therapy adjustment from
patient 12 via patient programmer 30 (384), processor
80 of IMD 14 associates the therapy adjustment with the
appropriate posture state as determined by the posture
search timer and the posture stability timer (386), or only
the posture stability timer in other examples. In addition,
IMD 14 may immediately modify the therapy based on
the patient therapy adjustment, and deliver the therapy
to the patient 12. Processor 80 then stores the associa-
tion in memory 82 of IMD 14 (388) in addition to any other
associates made for the same posture state. The stored
association may be retrieved by an external programmer
for viewing by a user such as a clinician, e.g., for use in
analysis of therapeutic efficacy and programming of the
IMD. IMD 14 then continues delivering therapy to patient
12 (382). Alternatively, patient programmer 30 may per-
form the associations and/or store the associations in-
stead of IMD 14. A clinician programmer 60 may retrieve
the associations from patient programmer 30.

[0278] As a refinement to the process of associating
therapy adjustments with posture states during a record
mode, IMD 14 and/or an external programmer 20 may
be configured to apply a more stringent posture state
detection requirement. A posture state detection process
may detect a posture state based on any of the processes
described in this disclosure, including those described
with reference to FIGS. 8A-8C. As one example, a pos-
ture state may be detected if a sensed coordinate vector
resides within a specified angle, cosine value, or distance
of a particular reference coordinate vector for a particular
posture state. However, a process for associating ther-
apy adjustments with posture states may require that the
sensed coordinate vector be located more closely to the
reference coordinate vector. In this case, even if a par-
ticular posture is detected based on the location of the
sensed coordinate vector within a first tolerance range
of the reference coordinate vector, patient therapy ad-
justments are associated with the detected posture state
only if the sensed coordinate vector is located within a
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second, tighter tolerance range of the reference coordi-
nate vector. The second range for association is smaller
than the first range for detection, requiring closer prox-
imity of the sensed coordinate vector to the reference
coordinate vector for an association to be made.

[0279] Hence, in this alternative implementation, IMD
14 or programmer 20 makes an association between a
patient therapy adjustment and a posture state if a more
stringent posture detection criteria is met. For example,
in the example of a cone-based posture detection
scheme, where each posture state is defined by a refer-
ence coordinate vector and a cone defining a tolerance
angle, a patient may be detected as being in the face up
posture state if he is plus or minus 30 degrees from the
reference coordinate vector for the face up cone. For
purposes of associating patient therapy adjustments with
posture state, however, IMD 14 or programmer 20 makes
the association only if the patient is detected in the face
up posture state, and the patient is within plus or minus
15 degrees from the coordinate reference vector for the
face up posture state cone.

[0280] In a toroid-based detection scheme, the patient
would be classified as lying if he is greater than 60 de-
grees, for example, away from an upright reference co-
ordinate vector or virtual upright reference coordinate
vector. For purposes of association of patient therapy
adjustments with posture states, however, IMD 14 or pro-
grammer 20 may be configured to only associate a ther-
apy adjustment with a lying posture state if the patient is
greater than 75 degrees, for example, from an upright
reference coordinate vector or virtual upright reference
coordinate vector. In each of these examples, in deter-
mining whether to associated patient therapy adjust-
ments with posture states, IMD 14 or programmer 20
applies association criteria or logic with an increasing
specificity applying a more conservative tolerance crite-
ria than the posture state detection in general.

[0281] FIG. 28 is aflow diagramiillustrating an example
method for displaying suggested parameters and receiv-
ing a confirmation input from the user for one-click pro-
gramming. Although clinician programmer 60 is de-
scribed with respect to FIG. 28, any external programmer
20 may be used. As shown in FIG. 28, clinician program-
mer 60 first acquires the therapy adjustment information
from IMD 14 or patient programmer 30, which includes
parameter values associated with posture states during
the record mode (390). Each parameter value represents
the value of the parameter following a therapy adjustment
by the patient. Next, user interface 208 of clinician pro-
grammer 60 receives group input from the group menu
presented on user interface 208 (392). Processor 104
then commands user interface 208 to present the nom-
inal therapy parameters for each program and posture
state in a selected group based upon the therapy adjust-
ments made by patient 12 (394). As described herein,
the nominal therapy parameters may be a minimum am-
plitude, a maximum amplitude, the last used amplitude,
or some other parameter selected from the therapy ad-
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justment information.

[0282] If userinterface 208 receives a confirmation in-
put from the clinician accepting the nominal stimulation
parameters to be set for all of the programs (396), then
processor 104 sets all programs in the selected group
according to the nominal therapy parameters for further
use during delivery of automatic posture responsive stim-
ulation (398). If there is a navigation input received by
user interface 208 (400), the processor 104 commands
user interface 208 to leave the programming screen (404)
and continue programming. Otherwise, user interface
208 again presents the nominal therapy parameters
(394) if there is no new group selected by the clinician
(402), or user interface 208 detects that the clinician de-
sires a new group selection (402) and receives the group
input from the group menu (392). By presenting nominal
values for each program in a group and for each posture
state, a clinician may quickly select and apply the nominal
values for use in posture-responsive therapy when the
patient again occupies the pertinent posture states while
the IMD is delivering the pertinent group of programs.
[0283] FIG. 29 is a conceptual diagram illustrating an
example user interface 208 presenting suggested ther-
apy parameters for each program of a program group in
guided programming. In general, a programmer receives
therapy adjustment information that includes therapy ad-
justments made by a patient to at least one parameter
of one or more stimulation therapy programs for one or
more patient posture states, and generates one or more
suggested therapy parameters for one or more of the
stimulation therapy programs based on the therapy ad-
justmentinformation. The suggested therapy parameters
are presented to a user for selection in order to program
therapy parameter values for posture states to support
posture state-responsive therapy.

[0284] FIG. 29 is similar to FIG. 19, but screen 406 of
FIG. 29 presents suggested therapy parameters to the
clinician. Clinician programmer 60 is described, but any
external programmer 20 may provide screen 406 to the
user. Example user interface 208 shows suggested ther-
apy parameters for each program in a group and allows
guided programming with a single confirmation input. As
shown in FIG. 29, screen 406 of user interface 208
presents suggested therapy parameters for each pro-
gram, based upon the therapy adjustment information
stored in IMD 14 and retrieved by clinician programmer
60. Screen 406 also includes group menu 408, posture
state menu 410, programs 412, suggested therapy pa-
rameters 414, confirmation button 416, and summary
button 418.

[0285] Group menu 408 allows the clinician to select
the desired group of programs to be displayed on screen
406. Currently, the clinician has selected group "C,"
which is also the group currently selected (i.e., active) to
deliver stimulation therapy because of the quotation
marks around the group letter. Posture state menu 410
also allows the clinician to select the desired posture state
so that the therapy adjustment information that is pre-
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sented is related to the selected posture state. In FIG.
29, the clinician has selected the upright posture state in
posture state menu 410.

[0286] Each of programs 412 (C1, C2, and C3) is pre-
sented with a suggested therapy parameter 414 that can
be programmed for each of the programs 412. The sug-
gested therapy parameter 414 may be generated by the
programmer based upon the stored therapy adjustment
information and a guided algorithm that is used to calcu-
late the most appropriate therapy parameter for patient
12. The guided algorithm may be preprogrammed in
memory 108 of clinician programmer 60 by the manufac-
turer or preselected by the clinician to best fit patient 12.
The guided algorithm may use the therapy adjustment
information to simply calculate the suggested therapy pa-
rameter 414 as a mean amplitude, median amplitude, or
most frequently used amplitude from the therapy adjust-
ments associated with the program and posture states,
or the guided algorithm may perform more complex cal-
culations. For example, processor 104 may calculate a
weighted low amplitude value to attempt to generate a
suggested therapy parameter that provided therapeutic
stimulation without over-stimulating patient 12. These
and other guided algorithms are described further with
reference to FIG. 30.

[0287] Asanillustration, for a given program (e.g., C1_
and a given posture state (e.g., Upright), programmer 60
may compute a mean amplitude of all of the amplitudes
selected by the patient for program C1 as a therapy ad-
justment when the patient was in the posture state. If
there were four patient adjustments to program C1 in a
given therapy session when the patient was in the Upright
posture state, resulting in voltage amplitudes of 5.0 volts,
5.2 volts, 6.0 volts and 6.2 volts for program C1, then a
mean voltage amplitude of 5.6 volts can be selected as
the suggested amplitude to be automatically delivered
when program C1 is applied as the patient is detected
as residing in the Upright posture state. In addition to the
mean value, programmer 60 may display the minimum
and maximum values even if the user is only permitted
to select the mean value. In this manner, the user can
select the mean value as he suggested or guided value
but still be able to conveniently observe the minimum and
maximum values to understand where the guided value
falls within the min-max range.

[0288] Asanotherillustration, fora given program (e.g.,
C1_ and a given posture state (e.g., Upright), program-
mer 60 may determine a most frequently selected am-
plitude of all of the amplitudes selected by the patient for
program C1 as a therapy adjustment when the patient
was in the posture state. If there were ten patient adjust-
ments to program C1 in a given therapy session when
the patient was in the Upright posture state, resulting in
voltage amplitudes of 5.0 volts, 5.2 volts, 6.0 volts, 6.0
volts, 6.0 volts, 5.8 volts, 4.8 volts, 5.5 volts, 6.0 volts,
and 6.2 volts for program C1, then a most frequently se-
lected voltage amplitude of 6.0 volts can be selected as
the suggested amplitude to be automatically delivered
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when program C1 is applied as the patient is detected
as residing in the Upright posture state.

[0289] With the suggested therapy parameters 414
presented to the clinician, screen 406 also may allow the
clinician to make changes to the therapy parameters of
each of the programs shown on screen 406. In the ex-
ample of FIG. 29, the suggested therapy parameter is
the mean amplitude of the values associated with record-
ed patient therapy adjustments for that posture state. The
clinician may desire to set all of the programs of group
"C"to their mean amplitude by selecting confirmation but-
ton 416 ("Accept Guided Value"), a confirmation input,
only one time. In this manner, programming time and
effort may be decreased because the clinician may only
need a single click of confirmation button 416. Alterna-
tively, the clinician may accept the guided value for indi-
vidual programs rather than all programs at the same
time. By selecting summary button 418, clinician pro-
grammer 60 will present additional posture state infor-
mation or therapy adjustment information via user inter-
face 208. The additional posture state information may
include the total number of therapy adjustments associ-
ated with each posture state, as shown in FIGS. 25A and
25B.

[0290] Although screen 406 only shows the programs
for one group at a time, alternative examples of user in-
terface 208 may present more than one group of pro-
grams at one time. Then, the clinician may be able to set
more suggested therapy parameters for multiple groups
of programs with a single click of confirmation button 416.
In other examples, the clinician may be able to select a
global confirmation button (not shown) that sets the sug-
gested therapy parameter for every program within IMD
14 with a single click of the global confirmation button.
[0291] FIG 30 is a conceptual diagram illustrating an
example user interface 208 showing different guided al-
gorithms selectable by the user for guided programming.
Screen 420 is similar to screen 406 of FIG. 29, but screen
420 allows the clinician to select a guided algorithm. As
shown in FIG. 30, screen 420 includes group menu 422,
posture state menu 424, guided algorithm menu 426, and
confirmation button 428. Programs and suggested ther-
apy parameters are not shown because they are covered
by the drop-down portion of guided algorithm menu 426.
As described previously, group menu 422 allows the se-
lection of a group of programs and posture state menu
424 allows for the selection of a posture state. In addition,
once suggested therapy parameters have been gener-
ated, the clinician may set all the programs to their re-
spective suggested therapy parameters by a single se-
lection confirmation button 428. However, guided algo-
rithm menu 426 also allows the clinician to customize the
method for generating the suggested therapy parame-
ters.

[0292] Guided algorithm menu 426 may be populated
with general guided algorithms for generating a suggest-
ed therapy parameter by the manufacturer, a technician,
or the clinician. Guided algorithm menu 426 may include
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one or more guided algorithms. Generally, only one of
the guided algorithms may be selected to generate the
suggested therapy parameters for each group. Although
the clinician may select the same guided algorithm for
setting therapy parameters for each group of programs,
the clinician may use different guided algorithms for dif-
ferent groups as needed.

[0293] Possible guided algorithms include a mean, a
median, a safe average, a weighted low average, a
weighted high average, a most frequent therapy param-
eter, a trend target, and a most recently used parameter.
A safe average may be an average of the lowest half of
the therapy parameters to prevent over stimulation. A
weighted low average may average all therapy parame-
tersused, butthe lowest third of parameters are weighted
double, for example. Conversely, a weighted high aver-
age may average all parameters used, but the highest
third of parameters are weighted double, for example.
The most frequent therapy parameter is just the most
common parameter used by patient 12, while the most
recent parameter is just the last used parameter for each
program.

[0294] The trend target may be a guided algorithm that
uses an average that weights more recently used therapy
parameters while even rejecting therapy parameters that
have not been used for a certain amount of time. The
trend target may average each therapy parameter used,
but only after reducing the weight of each parameter by
a proportional number of days in the past it was used.
For example, for each day old a therapy parameter was
recorded, one percent of weight is reduced from the pa-
rameter prior to averaging. In this manner, a therapy pa-
rameter associated that day would have full weight, but
a therapy parameter associated fifty days ago would only
be given half weight. Therefore, the generated suggested
therapy parameter will most resemble more recent ther-
apy adjustments made by patient 12. A most recently
used parameter algorithm may simply generate, as a
suggested therapy parameter, a parameter value asso-
ciated with a most recently received patient therapy ad-
justment.

[0295] In alternative embodiments, user interface 208
may provide a screen that allows the clinician to create
new guided algorithms or modify currently stored guided
algorithms. The guided algorithms may be stored by cli-
nician programmer 60, patient programmer 30, IMD 14,
or any other device. In some examples, clinician pro-
grammer 60 may even download new guided algorithms
created by the manufacturer, a technician, or other clini-
cians over a network.

[0296] FIG. 31is aflow diagramillustrating an example
method for generating a suggested therapy parameter
for each therapy program and receiving a confirmation
input from the user. Although clinician programmer 60 is
described in FIG. 31, any external programmer 20 may
function similarly. As shown in FIG. 31, clinician program-
mer 60 enters guided programming when requested by
the clinician (432). Next, user interface 106 of clinician
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programmer 60 receives the posture state and group in-
put that selects the desired group of programs and pos-
ture states (434). Next, processor 104 analyzes the
stored therapy adjustment information for each posture
state and program as stored during the record mode
(436). In some examples, user interface 106 may also
receive a guided algorithm input from the clinician that
selects which guided algorithm processor 104 uses to
generate the suggested therapy parameters.

[0297] Based on the guided algorithm set by the man-
ufacturer or selected by the clinician, processor 104 gen-
erates a suggested therapy parameter for each of the
plurality of programs (438). Next, user interface 106
presents the suggested therapy parameters to the clini-
cian (440). If user interface 106 receives a confirmation
input from the clinician to set the suggested therapy pa-
rameters to the programs (442), the processor 104 sets
all the programs with the suggested therapy parameter
(446) and determines if the clinician desires another sug-
gestion (448). If user interface 106 does not receive a
confirmation from the clinician (442), processor 104 waits
to see if the clinician desires another suggestion (448).
If the clinician desires more suggested therapy parame-
ters (448), user interface 106 waits to receive the posture
state input and the group input from the clinician (434).
Otherwise, processor 104 exits the guided programming
screen (450).

[0298] FIG.32is aflowdiagramiillustrating an example
method for correcting a therapy adjustment associated
with an unintended posture state. In general, upon re-
ceiving a patient therapy adjustment to a parameter of a
therapy program that defines electrical stimulation ther-
apy delivered to the patient, and identifying a posture
state of the patient, a programmer may associate the
patient therapy adjustment with the posture state when
the patient therapy adjustment is within a range deter-
mined based on stored adjustment information for the
identified posture state.

[0299] Patient 12 may make an adjustmentto atherapy
parameter intending the adjustmentfor a specific posture
state. However, the therapy adjustment may not be as-
sociated with the desired posture state because the tran-
sitions between posture states causes the stability peri-
od, and or search period, to fail to capture the desired
posture state. The result in this circumstance is that a
therapy adjustment may be associated with an unintend-
ed posture. IMD 14 and/or patient programmer 30 may
be able to handle this exception to limit or prevent these
unintended therapy adjustment associations. IMD 14
may automatically determine if the therapy adjustment
should be associated with the identified posture state or
IMD 14 may communicate with patient programmer 30
to prompt the user to confirm that the association is in-
tended by patient 12 and is correct.

[0300] Inthe example of FIG. 32, IMD 14 delivers ther-
apy to patient 12 (460) and continues to deliver therapy
unless patient programmer 30 receives a therapy adjust-
ment to a therapy parameter of the therapy program from
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patient 12 (462). If processor 104 of patient programmer
30receives a therapy adjustment, processor 104 chang-
es the therapy parameter according to the adjustment
and then identifies the posture state of patient 12 once
the stability period expires (464). In some examples,
processor 104 of patient programmer 30 may cancel any
association if the search period expires prior to expiration
of the stability period, as described herein.

[0301] Oncethe posture state of patient 12is identified,
processor 104 retrieves the stored adjustment informa-
tion from memory 108 for the therapy program and iden-
tified posture state (466). Processor 104 then analyzes
the stored adjustment information, and if processor 104
determines that the received therapy adjustmentis within
a historical range of the stored adjustment information
(468), processor 104 then associates the therapy adjust-
ment with the identified posture state (470) and continues
to deliver therapy (460). A historical range may be deter-
mined in a variety of ways.

[0302] If the received therapy adjustment is outside of
the historical range of adjustments for the identified pos-
ture state (468), then processor 104 prompts patient 12
to confirm the association of the therapy adjustment to
the identified posture state (472). If patient 12 confirms
that the association is correct (474), then processor 104
associates the therapy adjustment to the posture state
(470) and continues to deliver therapy (460). If patient
12 does not confirm the association, or rejects the asso-
ciation (474), then processor 104 does not associate the
therapy adjustment to the identified posture state (476)
before continuing to deliver therapy (460).

[0303] The historical range used by processor 104 to
determine whether the received therapy adjustment
should be associated with a posture state may vary based
upon the therapy for patient 12 or the desires of the cli-
nician. The historical range may be any range or thresh-
old based upon the prior adjustments stored for the iden-
tified posture state. For example, the historical range may
simply be bounded by the highest and lowest parameter
values for the adjusted parameter. In other examples,
the historical range may include an upper threshold or
lower threshold to prevent an unintended parameter val-
ue association that could cause uncomfortable or even
painful stimulation if posture responsive stimulationis en-
abled.

[0304] Alternatively, the historical range may be a cal-
culated historical range that weights recent parameter
adjustments greater than older parameter adjustments
of the adjustment information made by patient 12 in the
posture state. For example, previous patient adjustments
can be divided into a lower set of patient adjustments
and a higher set of patient therapy adjustments, e.g., as
determined by parameter values associated with such
adjustments, such as voltage or current amplitude
[0305] An upper bound of the range may be set ac-
cording to an average of the higher set of patient therapy
adjustments, and a lower bound of the range may be set
according to an average of the lower set of patient ad-
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justments. Ifthe prior patient therapy adjustments include
amplitude values of 4.0, 4.2, 4.4, 5.0, 5.2, 5.6, 6.0 and
6.2 volts, for example, the upper bound could be com-
puted as an average of the four largest values (5.2, 5.6,
6.0 and 6.2), and the lower bound could be computed as
an average of the four lowest values (4.0, 4.2, 4.4, 5.0)
In some cases, the lower and upper patient therapy ad-
justments may be weighted so that more recent patient
therapy adjustments are weighted more heavily than less
recent patient therapy adjustments in calculating the up-
per and lower bounds of the range. This weighted histor-
ical range would essentially limit the historical range to
more recent parameter values used by patient12. In each
case, the range may be inclusive of at least a subset of
the previous patient therapy adjustments for the program
and the posture, but may be effective in avoiding unin-
tended associations of outliers.

[0306] As another example, a range may be deter-
mined by determining an average, median or mean of
previous patient therapy adjustments and then establish-
ing threshold bounds above and below the average, me-
dian or mean. The thresholds may be symmetrical about
the average, median or mean, or asymmetrical. If an av-
erage voltage amplitude is 5.0 volts, for example, lower
and upper threshold bounds could be placed at 4.0 and
6.0 volts, and patient therapy adjustments outside of that
range would be disregarded and not associated with per-
tinent program and posture state. In this case, the upper
and lower bounds are placed symmetrically about the
average. Alternatively, the upper and lower bounds could
be placed asymmetrically such that one bound is closer
to the average than the other bound.

[0307] In some cases, the threshold bounds may be
computed as a percentage of the average. In the above
example, the upper and lower bounds of 6.0 volts and
4.0 volts are plus/minus 20 percent of the average of 5.0
volts. As described above, in some cases, average may
be an average of weighted values so that more recent
patient therapy adjustments are weighted more heavily
than less recent patient therapy adjustments in calculat-
ing the average, and ultimately the upper and lower
bounds of the range, which may be centered or not cen-
tered about the average value. Again, this weighted his-
torical range would limit the historical range to more re-
cent parameter values used by patient 12.

[0308] Further, the historical range may be determined
at least in part by a perception threshold and a pain
threshold for the parameter predetermined by the clini-
cian for patient 12. For example, the upper bound is set
to be at or below a pain threshold and the lower bound
is set to be at or above the perception threshold. In this
case, patient therapy adjustments that result in parame-
ter values below a perception threshold or above a pain
threshold, each of which may be established in clinic,
may be disregarded and not associated with a particular
program and posture state, e.g., on the basis that such
patient therapy adjustments may have been unintended
for association with the posture state.
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[0309] Any type of range may be used to trigger con-
firmation by patient 12 before an association is made,
and the range may be set upon initialization of therapy
or changed during stimulation therapy to patient 12. In
any case, the historical range calculated by processor
104 is inclusive of therapy adjustments that would be
acceptable for the particular identified posture state. For
example, the range may be inclusive of at least a subset
of previous therapy adjustments for the program and pos-
ture state. In some cases, the range could even allow for
patient therapy adjustments that are within a predeter-
mined margin outside of the previous patient therapy ad-
justments. Unacceptable therapy adjustments are those
therapy adjustments that would not be desirable by pa-
tient 12 and/or outside of previously used therapy param-
eter values stored as the therapy adjustment information.
[0310] As described above, ranges to avoid unintend-
ed associations with programs and postures states may
be computed, calculated, or otherwise determined in a
variety of ways. Also, as new patient therapy adjustments
are received, the range may be updated to take into ac-
count the values of the new patient therapy adjustments.
In some cases, even though a new patient therapy ad-
justment falls outside of the current range, and therefore
is not associated with a program and posture state (or at
least requires patient confirmation to make the associa-
tion), the new patient therapy adjustment could still be
used to update the currentrange, i.e., as one of the values
used to produce an average, weighted average or other
range calculation.

[0311] In other examples, IMD 14 and/or patient pro-
grammer 30 may automatically remove unintended ther-
apy adjustment associations without any input from pa-
tient 12. If the received therapy adjustment is outside of
the historical range, processor 104, for example, may
simply prevent that adjustment from being associated
with the current program and identified posture state with-
out requiring a confirmation from patient 12. In this man-
ner, patient 12 may not be burdened by continually inter-
acting with patient programmer 30. Alternatively, the ther-
apy adjustments determined as unintended may be
stored in a separate category such that the clinician may
access the unintended therapy adjustments when re-
viewing the efficacy of therapy. Further, patient program-
mer 30 may prompt patient 12 to review how to adjust
therapy or to visit the clinician after a certain number of
unintended associations or a high frequency of unintend-
ed associations.

[0312] This disclosure may provide multiple features
to a user. For example, implementing a posture search
timer and a posture stability timer allows the system to
correctly associate therapy adjustments to posture states
even when the patient does not make the therapy adjust-
ment while engaged in the intended posture state. Fur-
ther, storing each association of therapy adjustments to
posture states allows a clinician to review when the pa-
tient is adjusting stimulation therapy. This information
may allow the clinician to modify the stimulation therapy
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in order to find the most effective therapy.

[0313] In addition, the disclosure provides a system
that can use the associations between therapy adjust-
ments and posture states in order to aid the clinician in
quickly programming stimulation parameters for a plural-
ity of therapy programs in a program group. For example,
the system may set all therapy programs to the minimum
amplitude used by the patient during stimulation therapy
with one confirmation by the user. Moreover, the user
interface may present a suggested parameter value for
each of the therapy programs based upon the associa-
tions and a guide algorithm. In this manner, the user may
select to confirm all suggested parameter values with
one confirmation input in decrease the amount of time
needed to program or modify the stimulation therapy.
[0314] The techniques described in this disclosure
may be implemented, at least in part, in hardware, soft-
ware, firmware or any combination thereof. For example,
various aspects of the techniques may be implemented
within one or more microprocessors, digital signal proc-
essors (DSPs), application specific integrated circuits
(ASICs), field programmable gate arrays (FPGAs), or any
other equivalent integrated or discrete logic circuitry, as
well as any combinations of such components, embodied
in programmers, such as physician or patient program-
mers, stimulators, or other devices. The term "processor"
or "processing circuitry" may generally refer to any of the
foregoing logic circuitry, alone or in combination with oth-
er logic circuitry, or any other equivalent circuitry.
[0315] When implemented in software, the functional-
ity ascribed to the systems and devices described in this
disclosure may be embodied as instructions on a com-
puter-readable medium such as random access memory
(RAM), read-only memory (ROM), non-volatile random
access memory (NVRAM), electrically erasable pro-
grammable read-only memory (EEPROM), FLASH
memory, magnetic media, optical media, or the like. The
instructions may be executed to cause one or more proc-
essors to support one or more aspects of the functionality
described in this disclosure.

[0316] In addition, it should be noted that the systems
described herein may not be limited to treatment of a
human patient. In alternative embodiments, these sys-
tems may be implemented in non-human patients, e.g.,
primates, canines, equines, pigs, and felines. These an-
imals may undergo clinical or research therapies that my
benefit from the subject matter of this disclosure.
[0317] Many embodiments of the invention have been
described. Various modifications may be made without
departing from the scope of the claims. These and other
embodiments are within the scope of the following claims.

Claims
1. A system comprising:

means for detecting a patient adjustmentto elec-
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trical stimulation therapy delivered to the patient;
means (86) for sensing a posture state of the
patient; and characterized by

means (80) for associating the detected adjust-
ment with the sensed posture state if the sensed
posture state is sensed within a first period fol-
lowing the detection of the adjustment and if the
sensed posture state does not change during a
second period following the sensing of the
sensed posture state.

2. The system of claim 1, further comprising:

means (80) for starting a posture search timer
to time the first period in response to the detec-
tion of the adjustment; and

means (80) for starting a posture stability timer
to time the second period in response to the
sensing of the posture state.

The system of claim 1, further comprising means for
restarting the posture search timer if a new patient
adjustment is detected before the end of the first pe-
riod.

The system of claim 1, further comprising:

means for restarting the posture stability timer
ifthe sensed posture state changes to a different
posture state during the stability period; and
means for associating the detected adjustment
with the different posture state if the different
posture state does not change during the sec-
ond period following the sensing of the different
posture state.

The system of claim 4, further comprising means for
associating the detected adjustment with the differ-
ent posture state if the different posture state does
not change during the second period following the
sensing of the different posture state and the posture
stability timer is restarted before expiration of the first
period.

The system of claim 1, wherein the first and second
period are equal.

The system of claim 1, wherein the first and second
periods are different.

The system of claim 1, wherein the second period
starts before an end of the first period and extends
beyond the end of the first period.

The system of claim 1, wherein the first period is
between approximately 30 seconds and 30 minutes,
and the second period is between approximately 30
seconds and 30 minutes.
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10. The system of claim 1, wherein the first period is

1.

between approximately 2 minutes and 4 minutes,
and the second period is between approximately 2
minutes and 4 minutes.

The system of claim 1, further comprising means for
storing the association in a memory of at least one
of an implantable medical device or an external pro-
grammer for the implantable medical device.

12. An external programmer (20) for an implantable

medical device comprising:

a user interface (106) that receives patient ad-
justments to electrical stimulation therapy deliv-
ered to the patient by the implantable medical
device; and

a telemetry interface (110) that receives a
sensed posture state from the implantable med-
ical device and transmits the received adjust-
ments to the implantable medical device; char-
acterized by

a processor (104) that associates the detected
adjustment with the sensed posture state if the
sensed posture state is sensed within a first pe-
riod following the detection of the adjustment
and if the sensed posture state does not change
during a second period following the sensing of
the sensed posture state; and

a memory (108) that stores the associations of
the received adjustments with the sensed pos-
ture state in a memory.

13. An implantable medical device (14) comprising:

a stimulation generator (84) that delivers elec-
trical stimulation therapy to a patient;

a telemetry interface (88) that receives patient
adjustments to the electrical stimulation therapy
from an external programmer; and

a posture sensing module (86) that senses a
posture state of the patient;

characterized by

a processor (80) that associates the received
adjustments with the sensed posture state if the
sensed posture state is sensed within a first pe-
riod following the receiving of the adjustment
and if the sensed posture state does not change
during a second period following the sensing of
the sensed posture state; and

a memory (82) that stores the associations of
the received adjustments with the sensed pos-
ture state in a memory.

Patentanspriiche

1.

System, das enthalt:
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Mittel zum Detektieren einer Patientenanpas-
sung an eine dem Patienten verabreichte elek-
trische Stimulationstherapie; und

Mittel (86) zum Erfassen eines Haltungszu-
stands des Patienten; gekennzeichnet durch
Mittel (86) zum Zuordnen der detektierten An-
passung zu dem erfassten Haltungszustand,
wenn der erfasste Haltungszustand innerhalb
eines ersten Zeitraums, der der Detektion der
Anpassung folgt, erfasst wird und wenn sich der
erfasste Haltungszustand wahrend eines zwei-
ten Zeitraums, der der Erfassung des erfassten
Haltungszustands folgt, nicht andert.

2. System nach Anspruch 1, das ferner enthalt:

Mittel (80) zum Starten eines Haltungssuchzeit-
gebers, um den ersten Zeitraum in Reaktion auf
die Detektion der Anpassung zu messen; und
Mittel (80) zum Starten eines Haltungsstabili-
tatszeitgebers, um den zweiten Zeitraum in Re-
aktion auf die Erfassung des Haltungszustands
ZU messen.

System nach Anspruch 1, das ferner Mittel umfasst,
umden Haltungssuchzeitgeber neu zu starten, wenn
eine neue Patientenanpassung vor dem Ende des
ersten Zeitraums detektiert wird.

System nach Anspruch 1, das ferner enthalt:

Mittel zum Neustarten des Haltungsstabilitats-
zeitgebers, wenn sich der erfasste Haltungszu-
stand wahrend des Stabilitdtszeitraums zu ei-
nem anderen Haltungszustand andert; und
Mittel zum Zuordnen der detektierten Anpas-
sung zu dem anderen Haltungszustand, wenn
sich der andere Haltungszustand wahrend des
zweiten Zeitraums, der auf die Erfassung des
anderen Haltungszustands folgt, nicht andert.

System nach Anspruch 4, das ferner Mittel enthalt,
um die detektierte Anpassung dem anderen Hal-
tungszustand zuzuordnen, wenn sich der andere
Haltungszustand wahrend des zweiten Zeitraums,
der auf die Erfassung des anderen Haltungszu-
stands folgt, nicht &ndert und der Haltungsstabilitats-
zeitgeber vor Ablaufen des ersten Zeitraums neu ge-
startet wird.

System nach Anspruch 1, wobei der erste und der
zweite Zeitraum gleich sind.

System nach Anspruch 1, wobei der erste und der
zweite Zeitraum verschieden sind.

System nach Anspruch 1, wobei der zweite Zeitraum
vor einem Ende des ersten Zeitraums startet und
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10.

1.

12.
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sich Uber das Ende des ersten Zeitraums hinweg
erstreckt.

System nach Anspruch 1, wobei der erste Zeitraum
zwischen ungefahr 30 Sekunden und 30 Minuten be-
tragt und der zweite Zeitraum zwischen ungefahr 30
Sekunden und 30 Minuten betragt.

System nach Anspruch 1, wobei der erste Zeitraum
zwischen ungefahr 2 Minuten und 4 Minuten betragt
und der zweite Zeitraum zwischen ungefahr 2 Minu-
ten und 4 Minuten betragt.

System nach Anspruch 1, das ferner Mittel umfasst,
um die Zuordnung in einem Speicher einer implan-
tierbaren medizinischen Vorrichtung und/oder ei-
nem externen Programmierer fiir die implantierbare
medizinische Vorrichtung zu speichern.

Externer Programmierer (20) fiir eine implantierbare
medizinische Vorrichtung, der enthalt:

eine Anwenderschnittstelle (106), die Patien-
tenanpassungen an eine dem Patienten durch
die implantierbare medizinische Vorrichtung
verabreichte elektrische Stimulationstherapie
empfangt; und

eine Telemetrieschnittstelle (110), die einen er-
fassten Haltungszustand von der implantierba-
ren medizinischen Vorrichtung empfangt und
die empfangenen Anpassungen an die implan-
tierbare medizinische Vorrichtung sendet; ge-
kennzeichnet durch

einen Prozessor (104), der die detektierte An-
passung dem erfassten Haltungszustand zu-
ordnet, wenn der erfasste Haltungszustand in-
nerhalb eines ersten Zeitraums, der auf die De-
tektion der Anpassung folgt, erfasst wird und
wenn sich der erfasste Haltungszustand wah-
rend eines zweiten Zeitraums, der auf die Erfas-
sung des erfassten Haltungszustands folgt,
nicht dndert; und

einen Speicher (108), der die Zuordnungen der
empfangenen Anpassungen zu dem erfassten
Haltungszustand in einem Speicher speichert.

13. Implantierbare medizinische Vorrichtung (14), die

enthalt:

einen Stimulationsgenerator (84), dereinem Pa-
tienten eine elektrische Stimulationstherapie
verabreicht;

eine Telemetrieschnittstelle (88), die Patien-
tenanpassungen an die elektrische Stimulati-
onstherapie von einem externen Programmie-
rer empfangt; und

ein Haltungserfassungsmodul (86), das einen
Haltungszustand des Patienten erfasst;
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gekennzeichnet durch

einen Prozessor (80), der die empfangenen An-
passungen dem erfassten Haltungszustand zu-
ordnet, wenn der erfasste Haltungszustand in-
nerhalb eines ersten Zeitraums, der auf den
Empfang der Anpassung folgt, erfasst wird und
wenn sich der erfasste Haltungszustand wah-
rend eines zweiten Zeitraums, der auf die Erfas-
sung des erfassten Haltungszustands folgt,
nicht andert; und

einen Speicher (82), der die Zuordnungen der
empfangenen Anpassungen an den erfassten
Haltungszustand in einem Speicher speichert.

Revendications

Systeme comportant :

des moyens pour détecter un ajustement d’'un
patient a une thérapie par stimulation électrique
administrée au patient ;

des moyens (86) pour détecter un état de pos-
ture du patient ; et caractérisé par

des moyens (80) pour associer I'ajustement dé-
tecté a I'état de posture détecté si I'état de pos-
ture détecté est détecté pendant une premiére
période suivant la détection de I'ajustement et
si I'état de posture détecté ne change pas pen-
dant une seconde période qui suit la détection
de I'état de posture détecté.

2. Systéme selon la revendication 1, comportant en

outre :

des moyens (80) pour lancer une minuterie de
recherche de posture pour synchroniser la pre-
miere période en réponse a la détection de
I'ajustement ; et

des moyens (80) pour lancer une minuterie de
stabilité de posture pour synchroniser la secon-
de période en réponse a la détection de I'état
de posture.

Systeme selon la revendication 1, comportant en
outre des moyens pour relancer la minuterie de re-
cherche de posture si un nouvel ajustement du pa-
tient est détecté avant la fin de la premiére période.

Systeme selon la revendication 1, comportant en
outre :

des moyens pour relancer la minuterie de sta-
bilité de posture si I'état de posture détecté pas-
se a un état de posture différent pendant la pé-
riode de stabilité ; et

des moyens pour associer I'ajustement détecté
a I'état de posture différent si I'état de posture
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10.

1.

12.

90

différent ne change pas pendant la seconde pé-
riode suivant la détection de I'état de posture
différent.

Systéme selon la revendication 4, comportant en
outre des moyens pour associer I'ajustement détec-
té a I'état de posture différent si I'état de posture
différent ne change pas pendant la seconde période
suivant la détection de I'état de posture différent et
la minuterie de stabilité de posture est relancée
avant I'expiration de la premiére période.

Systéme selon la revendication 1, dans lequel la pre-
miére et la seconde période sont égales.

Systéme selon la revendication 1, dans lequel la pre-
miéere et la seconde période sont différentes.

Systéme selon la revendication 1, dans lequel la se-
conde période commence avant la fin de la premiére
période et s’étend au-dela de la fin de la premiére
période.

Systéme selon la revendication 1, dans lequel la pre-
miére période est comprise approximativement en-
tre 30 secondes et 30 minutes, et la seconde période
est comprise approximativement entre 30 secondes
et 30 minutes.

Systéme selon la revendication 1, dans lequel la pre-
miere période est comprise entre approximative-
ment 2 minutes et 4 minutes, et la seconde période
est comprise entre approximativement 2 minutes et
4 minutes.

Systéme selon la revendication 1, comportant en
outre des moyens pour mémoriser I'association
dans une mémoire d’au moins I'un d’'un dispositif mé-
dical implantable ou d’un programmateur externe
pour le dispositif médical implantable.

Programmateur externe (20) pour un dispositif mé-
dical implantable comportant :

une interface utilisateur (106) quirecgoit des ajus-
tements d’un patient a une thérapie de stimula-
tion électrique administrée au patient par le dis-
positif médical implantable ; et

une interface de télémesure (110) qui recgoit un
état de posture détecté en provenance du dis-
positif médical implantable et transmet les ajus-
tements regus au dispositif médical
implantable ; caractérisé par

un processeur (104) qui associe I'ajustement
détecté a I'état de posture détecté si I'état de
posture détecté est détecté pendant une pre-
miére période qui suit la détection de I'ajuste-
ment et si I'état de posture détecté ne change
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pas pendant une seconde période suivantla dé-
tection de I'état de posture détecté ; et

une mémoire (108) qui mémorise les associa-
tions des ajustements regus avec I'état de pos-
ture détecté dans une mémoire. 5

13. Dispositif médical implantable (14) comportant :

un générateur de stimulation (84) quidélivre une
thérapie par stimulation électrique au patient; 70
une interface de télémesure (88) qui recoit des
ajustements du patient a la thérapie de stimula-

tion électrique en provenance d’'un programma-

teur externe ; et

un module de détection de posture (86) qui dé- 15
tecte un état de posture du patient ;

caractérisé par

un processeur (80) qui associe les ajustements
recus a I'état de posture détecté si I'état de pos-

ture détecté est détecté pendant une premiére 20
période qui suit la réception de I'ajustement et

si I'état de posture détecté ne change pas pen-
dant une seconde période qui suit la détection

de I'état de posture détecté ; et

une mémoire (82) qui mémorise les associa- 25
tions des ajustements regus avec I'état de pos-

ture détecté dans une mémoire.
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