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(57) ABSTRACT

The disclosure provides a system that displays a posture state
indication to a user. A posture state indication represents the
current posture state of the patient, which may be a combi-
nation of patient posture and activity. As a patient changes
posture and activity throughout a daily routine, a posture state
detector may generate a posture state value that may be used
to categorize the patient’s posture or posture and activity level
as one of multiple posture states used to adjust therapy. The
posture state may be associated with one of multiple posture
state indications that may be presented to the patient. The
posture state indication shows the patient the posture state
currently detected by the posture state detector. The posture
state indication may help the patient to effectively monitor
therapy changes due to automatic, semi-automatic or patient-
directed therapy adjustments made as a function of posture
state.
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POSTURE STATE DISPLAY ON MEDICAL
DEVICE USER INTERFACE

This application is a continuation of U.S. patent applica-
tion Ser. No. 12/433,103, titled “POSTURE STATE DIS-
PLAY ON MEDICAL DEVICE USER INTERFACE,” filed
Apr. 30, 2009, and issued as U.S. Pat. No. 9,050,471 on Jun.
9, 2015, which claims the benefit of U.S. Provisional Appli-
cation No. 61/080,008, titled, “POSTURE STATE DISPLAY
ON MEDICAL DEVICE USER INTERFACE” and filed on
Jul. 11, 2008. The entire content of application Ser. Nos.
12/433,103 and 61/080,008 are incorporated herein by refer-
ence.

TECHNICAL FIELD

The disclosure relates to medical devices and, more par-
ticularly, to programmable medical devices that deliver
therapy.

BACKGROUND

A variety of medical devices are used for chronic, e.g,,
long-term, delivery of therapy to patients suffering from a
variety of conditions, such as chronic pain, tremor, Parkin-
son’s disease, epilepsy. urinary or fecal incontinence, sexual
dysfunction, obesity, or gastroparesis. As examples, electrical
stimulation generators are used for chronic delivery of elec-
trical stimulation therapies such as cardiac pacing, neuro-
stimulation, 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 continuously or periodically according to
parameters contained within a program. A program may com-
prise respective values for each of a plurality of parameters,
specified by a clinician.

In some cases, the patient may beallowed to activate and/or
modify the therapy delivered by the medical device. For
example, a patient may be provided with a patient program-
ming device. The patient programming device communicates
with a medical device to allow the patient to activate therapy
and/or adjust therapy parameters. For example, an implant-
able medical device (IMD), such as an implantable neuro-
stimulator, may be accompanied by an external patient pro-
grammer that permits the patient to activate and deactivate
neurostimulation therapy and/or adjust the intensity of the
delivered neurostimulation. The patient programmer may
communicate with the IMD via wireless telemetry to control
the IMD and/or retrieve information from the IMD.

SUMMARY

In general, the disclosure provides a system that displays a
posture state indication to a user. A posture state represents
the current posture state of the patient, e.g., as detected by a
posture state detector. A posture state may refer to a patient
posture or a combination of patient posture and patient activ-
ity. As a patient changes posture and activity throughout a
daily routine, therapy may be adjusted to accommodate dif-
ferences in the patient’s response to the therapy during any
particular posture state. For example, changes in posture and
activity may cause therapy to become more or less effective in
treating the patient’s condition. An IMD may be configured to
adjust therapy automatically, semi-automatically, or in
response to patient input based on a patient posture state
sensed by a posture state detector provided with the IMD or
with another device that communicates with the IMD.
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The posture state detector may generate a posture state
value that may be used to categorize the patient’s posture or
posture and activity level as one of multiple posture states.
Each posture state may be associated with one of multiple
posture state indications that may be presented to the patient,
e.g., by visible, audible or tactile user interface media asso-
ciated with a patient programmer. Each posture state indica-
tion may be representative of a posture, an activity, or both,
and indicates the posture state that is currently detected by the
posture state detector for the patient. With the aid of the
posture state indication, the patient may be able to more
effectively monitor posture states with respect to automatic,
semi-automatic or patient-directed therapy adjustments made
as a function of the detected posture state.

In one example, the disclosure provides a method compris-
ing receiving a detected posture state indicating a posture
state currently occupied by a medical patient, and presenting
a posture state indication representative of the detected pos-
ture state of the medical patient via a user interface of a
medical device programmer.

In another example, the disclosure provides a system com-
prising an implantable medical device that detects a posture
state currently occupied by a medical patient, and a medical
device programmer that includes a user interface, wherein the
programmer presents a posture state indication representative
of the detected posture state of the medical patient via the user
interface.

In a further example, the disclosure provides a programmer
for an implantable medical device, the programmer compris-
ing a memory that stores a plurality of posture state indica-
tions, a processor that receives a detected posture state indi-
cating a posture state currently occupied by a medical patient,
and obtains one of the posture state indications that is repre-
sentative of the detected posture state of the medical patient,
and a user interface that presents the posture state indication
to auser.

In an additional example, the disclosure provides a com-
puter-readable medium comprising instructions that causes a
processor to receive a detected posture state indicating a
posture state currently occupied by a medical patient, and
present a posture state indication representative of the
detected posture state of the medical patient via a user intet-
face of a medical device programmer.

In another example, the disclosure provides a method com-
prising presenting an indication of electrical stimulation
therapy selected for delivery to a patient on a user interface of
aprogrammer for an implantable medical device that delivers
the electrical stimulation therapy, and presenting an indica-
tion of whether the selected therapy is configured to be deliv-
ered according to a posture state of the patient via the user
interface of the programmer.

In an additional example, the disclosure provides a pro-
grammer for an implantable medical device, the programmer
comprising a processor that generates an indication of elec-
trical stimulation therapy selected for delivery to a patient by
the implantable medical device, and generates an indication
of whether the selected therapy is configured to be delivered
according to a posture state of the patient, and a user interface
that presents the indications to a user.

The details of one or more aspects of the disclosure are set
forth in the accompanying drawings and the description
below. Other features, objects, and advantages will be appar-
ent from the description and drawings, and from the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A is a conceptual diagram illustrating an implantable
stimulation system including two implantable stimulation
leads.
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FIG. 1B is a conceptual diagram illustrating an implantable
stimulation system including three implantable stimulation
leads.

FIG. 1Cis a conceptual diagram illustrating an implantable
drug delivery system including a delivery catheter.

FIG. 2 is a conceptual diagram illustrating an example
patient programmer for programming stimulation therapy
delivered by an implantable medical device.

FIG. 3 is a conceptual diagram illustrating an example
clinician programmer for programming stimulation therapy
delivered by an implantable medical device.

FIG. 4 is a functional block diagram illustrating various
components of an implantable electrical stimulator.

FIG. 5 is a functional block diagram illustrating various
components of an implantable drug pump.

FIG. 6 is a functional block diagram illustrating various
components of an external programmer for an implantable
medical device.

FIG. 7 is a block diagram illustrating an example system
that includes an external device, such as a server, and one or
more computing devices that are coupled 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. 9is a conceptual diagram illustrating an example user
interface of a patient programmer for delivering therapy
information to the patient.

FIG. 10 is a conceptual diagram illustrating an example
user interface of a patient programmer for delivering therapy
information that includes posture information to the patient.

FIGS. 11A-11E are conceptual diagrams illustrating dif-
ferent posture state indications that may be displayed on a
user interface.

FIG. 12 is a conceptual diagram illustrating an example
user interface for prompting the user to indicate if the sensed
patient posture state is correct.

FIG. 13 is a conceptual diagram illustrating an example
user interface for receiving a confirmed posture state from the
user.

FIGS. 14A-14D are conceptual diagrams illustrating dif-
ferent posture state indications that may represent the patient
posture state on a user interface.

FIGS. 15A-15C are conceptual diagrams illustrating dif-
ferent posture state indications that show the current patient
posture state and other non-current patient posture states.

FIGS. 16A-16F are conceptual diagrams illustrating dif-
ferent posture state indications representative of a posture
and/or an activity.

FIGS. 17A-17E are conceptual diagrams illustrating dif-
ferent posture state indications that may represent different
patient postures.

FIGS. 18A-18F are conceptual diagrams illustrating dif-
ferent posture state indications that utilize a changing ground
for orientation.

FIGS. 19A-19F are conceptual diagrams illustrating dif-
ferent posture state indications that utilize an arrow.

FIGS. 20A-20F are conceptual diagrams illustrating dif-
ferent posture state indications that represent activities of the
patient.

FIG. 21 is a flow chart illustrating an example method for
initially selecting the type of posture state indications to be
presented on the user interface.

FIG. 22 is a flow chart illustrating an example method for
selecting the representative posture state indication and pre-
senting the posture state indication on the user interface.
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4

FIG. 23 is a flow chart illustrating an example method for
the user to confirm that the correct patient posture state is
represented by the posture state indication.

DETAILED DESCRIPTION

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 posture or a combination of posture and
activity. Efficacy may refer, in general, to a combination of
complete or partial alleviation of symptoms alone, or in com-
bination with a degree of undesirable side effects.

Changes in posture state may cause changes in efficacy due
to changes in distances between electrodes or other therapy
delivery elements, e.g., due to temporary migration of leads
or catheters caused by forces or stresses associated with dif-
ferent postures of the patient, or from changes in compression
of patient tissue in different posture states. To maintain thera-
peutic efficacy, it may be desirable to adjust therapy param-
eters based on different postures and/or activities engaged by
the patient to maintain effective stimulation therapy. Therapy
parameters may be adjusted individually or by selecting dif-
ferent programs or groups of programs defining different sets
of therapy parameters.

A change in efficacy due to changes in posture state may
require the patient to continually manage therapy by manu-
ally adjusting certain therapy parameters, such as amplitude,
pulse rate, pulse width, or electrode combination, 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 response to differ-
ent posture states.

Therapy adjustments in response to different posture states
may be fully automatic, 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. A user interface
associated with an external programmer, e.g., a patient pro-
grammer or clinician programmer, may obtain and present a
posture state indication that represents the patient posture
state currently occupied by a patient. The patient posture state
may be detected by a posture state module of an implantable
medical device and communicated to the programmer. With
the aid of the posture state indication, the patient may be able
to more effectively monitor the detected posture state with
respect to automatic, semi-automatic or patient-directed
therapy adjustments made as a function of each detected
posture state.

The posture state indication communicates the current pos-
ture state to the user, e.g., the patient. The user can then
monitor the posture state indication to ascertain the therapy
delivered for a particular posture state, and/or to ensure that
therapy is correctly delivered. The posture state indication is
generated by the IMD or external programmer and may be a
visible, audible or tactile indication delivered via a user inter-
face associated with a programmer. A visible indication may
be a graphical representation of the patient’s posture or activ-
ity, a symbolic icon, a word, a number, or even arrows. An
audible indication may be spoken words stating a posture
state, different audible tones, different numbers of tones, or
other audible information generated by the programmer to
indicate the posture state. A tactile indication may be different
numbers of vibratory pulses delivered in sequence or vibra-
tory pulses of different lengths, amplitudes, or frequencies.



US 9,272,091 B2

5

In some implementations, a supplemental posture state
indication may also be presented to the user. For example, the
user interface may present the posture state indication as a
graphical representation such as an icon and the supplemental
posture state indication as a textual word describing the
patient posture state. As another example, the user interface
may present a visible posture state indication in combination
with an audible or tactile posture state indication as a supple-
mental posture state indication. The supplemental posture
state indication may, in some examples, provide a more
detailed description of the patient posture state than the main
posture state indication. In any case, the posture state indica-
tion may be presented alone or in combination with other
therapy parameters that define the stimulation therapy deliv-
ered to the patient.

The posture state indication may allow the patient to
change or confirm the sensed patient posture state represented
by the posture state indication. If the posture state indication
presented by the user interface does not correctly identify the
current patient posture state, the patient may prompt the
medical device to change the posture state indication to cor-
rectly indicate the current patient posture. The patient may
select the correct posture state indication, e.g., from a drop-
down menu or other list of posture state options, and the
medical device may re-orient the posture state detector by
associating a current posture state, e.g., a posture state
detected by an IMD, with the newly selected posture state
indication from the patient.

FIG. 1A is a schematic diagram illustrating an implantable
stimulation system 10 including a pair of implantable elec-
trode 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 medical devices (IMDs), applica-
tion of such techniques to IMDs and, more particularly,
implantable electrical stimulators such as neurostimulators
will be described for purposes of illustration. More particu-
larly, 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.

As shown in FIG. 1A, system 10 includes an IMD 14 and
external programmer 20 shown in conjunction with a patient
12. In the example of FIG. 1A, IMD 14 is an implantable
electrical stimulator configured for spinal 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 include an external stimula-
tor, 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 of implantable leads 16A and
16B (collectively “leads 16”). In some applications, such as
spinal cord stimulation (SCS) to treat chronic pain, the adja-
cent implantable leads 16 may have longitudinal axes that are
substantially parallel to one another.

Although FIG. 1A is directed to SCS therapy, system 10
may alternatively be directed to any other condition that may
benefit from stimulation therapy. For example, system 10
may be used to treat tremor, Parkinson’s disease, anxiety,
depression, 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), peripheral nerve stimulation,
pelvic floor stimulation, gastric stimulation, or any other
stimulation therapy. Patient 12 is ordinarily a human patient.

Each ofleads 16 may include electrodes (not shown in FIG.
1A), and the parameters for a program that controls delivery
of stimulation therapy by IMD 14 may include information
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identifying which electrodes have been selected for delivery
of stimulation according to a stimulation program, the polari-
ties of the selected electrodes, 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
other 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.

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 positions at intermediate
points along the lead. Leads 16 may beimplanted and coupled
to IMD 14. Alternatively, as mentioned above, leads 16 may
be implanted and coupled to an external stimulator, e.g.,
through a percutaneous 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 chronic implantation for a patient. In addi-
tional embodiments, 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 hous-
ing.

The stimulation may be delivered via selected combina-
tions of electrodes carried by one or both of leads 16. The
target tissue may be any tissue affected by electrical stimula-
tion energy, such as electrical stimulation pulses or wave-
forms. Such tissue includes nerves, smooth muscle, and skel-
etal muscle. In the example illustrated 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.

The deployment of electrodes via leads 16 is described for
purposes of illustration, but arrays of electrodes may be
deployed in different ways. For example, a housing associ-
ated with aleadless stimulator may carry arrays of electrodes,
e.g., rows and/or columns (or other patterns), to which shift-
ing operations may be applied. Such electrodes may be
arranged as surface electrodes, ring electrodes, or protru-
sions. As a further alternative, electrode arrays may be formed
by rows and/or columns of electrodes on one or more paddle
leads. In some embodiments, electrode arrays may include
electrode segments, 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.

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 periph-
eral nerve stimulation (PNS), peripheral nerve field stimula-
tion (PNFS), DBS, cortical stimulation (CS), pelvic floor
stimulation, gastric stimulation, and the like. The electrical
stimulation delivered by IMD 14 may take the form of elec-
trical stimulation pulses or continuous stimulation wave-
forms, 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.

In some examples, IMD 14 may deliver stimulation
therapy according to one or more programs. A program
defines one or more parameters that define an aspect of the
therapy delivered by IMD 14 according to that program. For
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example, a program that controls delivery of stimulation by
IMD 14 in the form of pulses may define one or more therapy
parameters such as 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 multiple
programs are contained within each of a multiple of groups.

Each program group may support an 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 pro-
grams may be delivered on a time-interleaved basis. For
example, a group may include a program directed to leg pain,
aprogram directed to lower back pain, and a program directed
to abdominal pain. In this manner, IMD 14 may treat different
symptoms substantially simultaneously.

During use of IMD 14 to treat patient 12, movement of
patient 12 among different posture states may affect the abil-
ity 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 effective therapy. For
example, stimulation energy transferred to target tissue may
be reduced due to electrode migration, causing reduced effi-
cacy in terms of relief of symptoms such as pain. As another
example, leads 16 may be compressed 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 addi-
tional pain or unusual sensations, which may be considered
undesirable side effects that undermine overall efficacy.

Also, posture state changes may present changes in symp-
toms or symptom levels, e.g., pain level. In some examples, to
avoid interruptions in effective therapy, IMD 14 may include
a posture state module that detects the patient posture state.
The IMD automatically adjusts stimulation according to the
posture state detection, thereby providing posture-state
responsive therapy. 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
decrease the stimulation amplitude, e.g., when patient 12 lies
down. The IMD may automatically reduce stimulation ampli-
tude 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.

As will be described in greater detail below, in some
examples, IMD 14 may be configured to automatically
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 lies down. In some examples,
IMD 14 may be configured to decrease the stimulation ampli-
tude 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
decreased substantially immediately by IMD 14 upon detec-
tion of patient 12 lying down, but instead IMD 14 may
decrease the stimulation amplitude to a suitable amplitude
level at a rate of change that is suitable to prevent patient 12
from experiencing undesirable stimulation effects, e.g., due
to increased transfer of stimulation energy. In some examples,
IMD 14 may substantially instantaneously decrease the
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stimulation amplitude to a suitable amplitude value when
IMD detects that patient 12 is lying down.

Many other examples of reduced efficacy due to increased
coupling or decreased coupling of stimulation energy to tar-
get tissue may occur due to changes in posture and/or activity
level associated with patient posture state. To avoid or reduce
possible disruptions in effective therapy due to posture state
changes, IMD 14 may include a posture state module that
detects the posture state of patient 12 and causes the IMD 14
to automatically adjust stimulation according to the posture
state detection. For example, a posture state module may
include an activity sensor such as an accelerometer that
detects when patient 12 lies down, stands up, or otherwise
changes posture.

In response to a posture state detected by the posture state
module, IMD 14 may change program group, program,
stimulation amplitude, pulse width, pulse rate, and/or one or
more other parameters, groups or programs to maintain thera-
peutic efficacy. When a patient lies down, for example, IMD
14 may automatically reduce stimulation amplitude so that
patient 12 does not need to reduce stimulation amplitude
manually. In other cases, IMD 14 may automatically increase
stimulation amplitude based on posture state. In some cases,
IMD 14 may communicate with external programmer 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 therapy change. In some
examples, posture state detection may also be used to provide
notifications, such as providing notification via a wireless link
to acare giver that a patient has potentially experienced a fall.

Referring still to FIG. 1A, a user, such as a clinician or
patient 12, may interact with a user interface of external
programmer 20 to program IMD 14. Programming of IMD 14
may refer generally to the generation and transfer of com-
mands, programs, or other information to control the opera-
tion of IMD 14. For example, external programmer 20 may
transmit programs, parameter adjustments, program selec-
tions, group selections, or other information to control the
operation of IMD 14, e.g., by wireless telemetry. As one
example, external programmer 20 may transmit parameter
adjustments to support therapy changes due to posture
changes by patient 12. As another example, a user may select
programs or program groups. Again, a program may be char-
acterized by an electrode combination, electrode polarities,
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.

The user interface of external programmer 20 may indicate
to the user the posture state in which the patient 12 currently
resides. This patient posture state may be a static posture that
does not take into account activity level, an activity level that
does not take into account posture, or some combination of
the posture and activity level that describes the physical posi-
tion and movement of patient 12. As an example, posture may
be characterized as one of the following postures: standing,
sitting, lying down on back, lying down on front, lying down
on left side, lying down on right side. Activity level may be
characterized as one of: high, medium and low, or, e.g., walk-
ing, biking, running, or the like.

Posture state may indicate a combination of one of the
abovepostures with one of the above activity levels. For some
postures, such as lying down postures, the posture state may
not need to consider activity level, as the patient may be less
likely to undertake any significant activity in such postures. In
other cases, all posture states may take into account posture
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and activity level, even if there is minimal activity in a par-
ticular posture. Posture state may be determined based on
detected posture information and/or activity level informa-
tion generated by a posture state module, which may include
one or more accelerometers or other posture or activity level
Sensors.

The patient posture state may be represented by a posture
state indication presented to patient 12 and generated by the
user interface of programmer 20 as a visible, audible, or
tactile indication. When presented as a visible indication, the
posture state indication may be, for example, a graphical
representation, a symbolic icon, a textual representation such
as word or number, an arrow, or any other type of indication.
The visible indication may be presented via a display, such as
an a liquid crystal display (LCD), dot matrix display, organic
light-emitting diode (OLED) display, touch screen, or the
like. In other cases, the visible indication may be provided in
a translucent area that is selectively backlit to indicate a
posture. An audible indication may be produced by program-
mer 20 as spoken words stating a posture 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 produced by programmer 20
different numbers of vibratory pulses delivered in sequence
or vibratory pulses of different lengths, amplitudes, or fre-
quencies.

Programmer 20 may present multiple indications represen-
tative of different patient posture states. IMD 14 may com-
municate a patient posture state according to a posture state
parameter value sensed by a posture state module to external
programmer 20, e.g., by wireless telemetry. IMD 14 may
communicate the detected posture state, i.e., posture state
detection, or a posture state parameter value used to detect the
posture state. For example, IMD 14 may transmit a posture
state detection to programmer 20 on a periodic, intermittent
or continuous basis or in response to a posture state change.
Alternatively, programmer 20 may request a posture state
detection from IMD 14 on a periodic, intermittent or continu-
ous basis. The posture state detection provided from IMD 14
to programmer 20 may be a posture state value that is inter-
preted to determined posture state, or simply an indication of
the detected posture state, e.g., upright, lying front, lying
back, lying left, lying right, or the like. External programmer
20 then may select and present the associated posture state
indication.

In some cases, external programmer 20 may be character-
ized as a physician or clinician programmer if it is primarily
intended for use by a physician or clinician. In other cases,
external programmer 20 may be characterized as a patient
programmer if it is primarily intended for use by a patient. A
patient programmer is generally accessible to patient 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 programmer may support selection
and generation of programs by a clinician for use by stimu-
lator 14, whereas a patient programmer may support adjust-
ment and selection of such programs by a patient during
ordinary use.

IMD 14 may be constructed with a biocompatible housing,
such as titanium or stainless steel, or a polymeric material
such as silicone or polyurethane, and surgically implanted at
a site in patient 18 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 per-
cutaneously 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

20

25

40

45

60

65

10

from IMD 14 through tissue to reach the target tissue adjacent
to spinal cord 18 for stimulation delivery.

At thedistal tips of leads 16 are one or more electrodes (not
shown) that transfer the electrical stimulation from the lead to
the tissue. The electrodes may be electrode pads on a paddle
lead, circular (e.g., ring) electrodes 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
positions at the distal ends of leads 16 will be described for
purposes of illustration.

FIG. 1Bis a conceptual diagram illustrating an implantable
stimulation system 22 including three implantable stimula-
tion leads 164, 16B, 16C (collectively leads 16). System 22
generally conforms to system 10 of FIG. 1A, but includes a
third lead. Accordingly, IMD 14 may deliver stimulation via
combinations 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 16 A and 16B or on one
side of either lead 16 A or 16B. External programmer 20 may
be initially told the number and configuration of leads 16 in
order to appropriately program stimulation therapy.

For example, leads 16 A and 16B could include four elec-
trodes, while lead 16C includes eight or sixteen electrodes,
thereby forming a so-called 4-8-4 or 4-16-4 lead configura-
tion. 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 oflead 16C due to
changing activities or postures of patient 12 may, in some
instances, more severely affect stimulation efficacy than
movement ofleads 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 therapy
to maintain therapy efficacy in a three lead system 22.

FIG.1Cis a conceptual diagram illustrating an implantable
drug delivery system 24 including one delivery catheter 28
coupled to IMD 26. As shown in the example 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 delivery 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 com-
municates with external programmer 20 to initialize therapy
or modify therapy during operation. In addition, IMD 26 may
be refillable to allow chronic drug delivery.

Although IMD 26 is shown as coupled to only one catheter
28 positioned along spinal cord 18, additional 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 cath-
eter may deliver therapy to different tissues within patient 12
for the purpose of treating multiple symptoms or conditions.
In some embodiments, IMD 26 may be an external device
which includes a percutaneous catheter that forms catheter 28
or that is coupled to catheter 28, e.g., via a fluid coupler. In
other embodiments, IMD 26 may include both electrical
stimulation as described in IMD 14 and drug delivery therapy.

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 14. 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
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14 may use external programmer 20 to adjust the programs or
groups of programs to regulate the therapy delivery.

Similar to IMD 14, IMD 26 may include a posture state
module that monitors the patient posture state. IMD 26 may
adjusts therapy based on posture state. For example, the pos-
ture state module may indicate that patient 12 transitions from
lying 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 increased 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.

FIG. 2 is a conceptual diagram illustrating an example
patient programmer 30 for programming stimulation therapy
delivered by an implantable medical device. Patient program-
mer 30 is an example embodiment 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
interface (not shown) for a user, such as patient 12, to manage
and program stimulation therapy. In addition, patient pro-
grammer 30 presents a posture state indication to patient 12 in
order to represent the patient posture state. Patient program-
mer 30 is protected by housing 32, which encloses circuitry
necessary for patient programmer 30 to operate.

Patient programmer 30 also includes display 36, power
button 38, increase button 52, decrease button 50, sync button
58, stimulation ON button 54, and stimulation OFF button56.
Cover 34 protects display 36 from being damaged during use
of patient programmer 30. Patient programmer 30 also
includes control pad 40 which 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 contexts indicated on display 36), with functionality that
may change, for example, based on current programming
operation or user preference. In alternative embodiments,
display 36 may be a touch screen in which patient 12 may
interact directly with display 36 without the use of control pad
40 or even increase button 52 and decrease button 50.

In the illustrated embodiment, patient programmer 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 embodi-
ments, patient programmer 30 may be a clinician programmer
that remains with the clinician 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 port-
ability may be less important. Accordingly, a clinician pro-
grammer may be sized larger than a patient programmer, and
it may provide a larger screen for more full-featured program-
ming.

Housing 32 may be constructed of a polymer, metal alloy,
composite, or combination material suitable to protect and
contain components of patient programmer 30. In addition,
housing 32 may be partially or completely 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 illu-
mination level with decrease and increase buttons 50 and 52,
respectively. In some embodiments, illumination of display
36 may be controlled by a knob that rotates clockwise and
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counter-clockwise. 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 stalling of
normal operation. Alternatively, patient programmer 30 and
IMD 14 may include instructions that handle possible
unplanned telemetry interruption, such as battery failure or
inadvertent device shutdown.

Display 36 may be a liquid crystal display (LCD), dot
matrix display, organic light-emitting diode (OLED) display,
touch screen, or similar monochronie 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 medication input from patient 12, dis-
play 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 scrol-
lable list of groups, and a scrollable list of programs within
each group, via display 36. In addition, display 36 may
present a visible posture state indication based on the posture
state detection. Further, display 36 may present therapy
adjustment information stored during a record mode of IMD
14, in which IMD 14 records posture state transitions, therapy
adjustments, or other information, 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 respective nominal or suggested therapy parameters via
a single confirmation input. As described herein, patient pro-
grammer 30 may be configured to perform any tasks
described with respect to clinician programmer 60 or another
external programmer 20.

Control pad 40 allows patient 12 to navigate through items
displayed on display 36. Patient 12 may press control pad 40
onany 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 buttons, or a joystick may perform the complete or
partial functions of control pad 40. In alternative embodi-
ments, 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.

Decrease button 50 and increase button 52 provide an input
mechanism for patient 12. In general, decrease 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 stimulation parameter, buttons 50 and 52 may also con-
trol patient feedback input. When either of buttons 50 and 52
is selected, patient programmer 30 may initialize communi-
cation with IMD 14 or 26 to change therapy accordingly.

When depressed by patient 12, stimulation ON button 54
directs programmer 30 to generate a command for commu-
nication to IMD 14 that turns on stimulation therapy. Stimu-
lation OFF button 56 turns off stimulation therapy when
depressed by patient 12. Sync button 58 forces patient pro-
grammer 30 to communicate with IMD 14. When patient 12
enters an automatic posture response screen of the user inter-
face, pressing sync button 58 turns on the automatic posture
response to allow IMD 14 to automatically change therapy
according to the posture state of patient 12. Pressing sync
button 58 again, when the automatic posture response screen
is displayed, turns off the automatic posture response. In the
example of FIG. 2, patient 12 may use control pad 40 to adjust
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the volume, contrast, illumination, time, and measurement
units of patient programmer 30.

In some embodiments, buttons 54 and 56 may be config-
ured 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 patient programmer 30, wherein button 54
increases the volume and button 56 decreases the volume.
Button 58 may be pressed to enter an operational menu that
allows patient 12 to configure the user interface of patient
programmer 30 to the desires of patient 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 embodiments, buttons 50 and 52 may
control all operational and selection functions, such as those
related to audio volume or stimulation therapy.

Patient programmer 30 may take other shapes or sizes not
described herein. For example, patient programmer 30 may
take the form of a clam-shell shape, similar to some cellular
phone designs. When patient programmer 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 programmer may contain a display while the other
side may contain input mechanisms. In any shape, patient
programmer 30 may be capable of performing the require-
ments described herein. Alternative embodiments of patient
programmer 30 may include other input mechanisms such as
akeypad, microphone, camera lens, or any other media input
thatallows the user to interact with the user interface provided
by patient programmer 30.

In alternative embodiments, the buttons of patient pro-
grammer 30 may perform different functions than the func-
tions provided in FIG. 2 as an example. In addition, other
embodiments of patient programmer 30 may include differ-
ent 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.

FIG. 3 is a conceptual diagram illustrating an example
clinician programmer 60 for programming stimulation
therapy delivered by an implantable medical device. Clini-
cian programmer 60 is an example embodiment of external
programmer 20 illustrated in FIGS. 1A, 1B and 1C and may
be used with either IMD 14 or IMD 26. In alternative embodi-
ments, clinician programmer 60 may be used with an external
medical device. As shown in F1G. 3, clinician programmer 60
provides a user interface (not shown) for a user, such as a
clinician, physician, technician, or nurse, to manage and pro-
gram stimulation therapy. In some embodiments, clinician
programmer 60 may also be able to present the posture state
indication to the user or even select which types of posture
state indications will be displayed for patient 12. Clinician
programmer 60 is protected by housing 62, which encloses
circuitry necessary for operation of clinician programmer 60.

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 param-
eters, such as amplitude, may be defined specifically for each
of the posture states that patient 12 will be engaged in during
therapy. In addition, the clinician may use clinician program-
mer 60 to define each posture state of patient 12 by using
posture cones or other posture volumes as described herein or
other techniques for associating posture state sensor output to
the posture state of patient 12.

Clinician programmer 60 includes display 64 and power
button 66. In the example of FIG. 3, display 64 is a touch
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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 embodiments, 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.

In the illustrated embodiment, clinician programmer 60 is
a hand held device. Clinician programmer 60 may be used
within the clinic or on in-house patient calls. Clinician pro-
grammer 60 may be used to communicate with multiple
IMDs 14 and 26 within different patients. 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 pro-
grammer 60 may be a larger device that may be less portable,
such as a notebook computer, workstation, or even a remote
computer that communicates with IMD 14 or 26 via a remote
telemetry device.

Most, if not all, of the functions of clinician programmer
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 informa-
tion, change the contrast and backlighting of display 64, or
any other therapy related function. In addition, clinician pro-
grammer 60 may be capable of communicating with a net-
worked server in order to send or receive an email or other
message, retrieve programming instructions, access a help
guide, send an error message, or perform any other function
that may be beneficial to prompt therapy.

In some cases, all processing may be performed in IMD 14
and distributed to clinician programmer 60 only for presen-
tation to the clinician. Alternatively, two or more of IMD 14,
clinician programmer 60, patient programmer 30, or another
computing device may share in the processing duties of pro-
cessing therapy adjustment information and any other data
prior to presenting the information on clinician programmer
60.

Housing 62 may be constructed of a polymer, metal alloy,
composite, or combination material suitable to protect and
contain components of clinician programmer 60. In addition,
housing 62 may be partially or completely 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 programmer 60 may require a password, biometric
input, or other security measure to be entered and accepted
before the user can use clinician programmer 60.

Clinician programmer 60 may take other shapes or sizes
not described herein. For example, clinician programmer 60
may take the form of a clam-shell shape, similar to some
cellular phone designs. When clinician programmer 60 is
closed, at least a portion of display 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 require-
ments described herein.

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, stimulation generator
84, posture state module 86, telemetry circuit 88, and power
source 90. Memory 82 may store instructions for execution
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by processor 80, stimulation therapy data, posture state infor-
mation, posture state indications, and any other information
regarding therapy or patient 12. Therapy information may be
recorded 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 information, program his-
tories, and any other data that may benefit from separate
physical memory modules.

Processor 80 controls stimulation generator 84 to deliver
electrical stimulation via electrode combinations formed by
electrodes in one or more electrode arrays. For example,
stimulation generator 84 may deliver electrical stimulation
therapy via electrodes on one or more leads 16, e.g., as stimu-
lation pulses or continuous waveforms. Components
described as processors within IMD 14, external programmer
20 or any other device described in this disclosure may each
comprise one or more processors, such as one or more micro-
processors, digital signal processors (DSPs), application spe-
cific integrated circuits (ASICs), field programmable gate
arrays (FPGAs), programmable logic circuitry, or the like,
either alone or in any suitable combination.

Stimulation generator 84 may include stimulation genera-
tion circuitry to generate stimulation pulses or waveforms and
switching circuitry to switch the stimulation across different
electrode combinations, e.g., in response to control by pro-
cessor 80. In particular, processor 80 may control the switch-
ing circuitry on a selective basis to cause stimulation genera-
tor 84 to deliver electrical stimulation to selected electrode
combinations and to shift the electrical stimulation to differ-
ent 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
generator 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 increase current to
the second electrode combination to shift the stimulation
therapy.

An electrode combination may be represented 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 change electrode combinations, amplitudes,
pulse rates, or pulse widths, processor 80 may command
stimulation generator 84 to make the appropriate change or
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
memory location, processor 80 may make use of two or more
memory locations.

When activating stimulation, processor 80 may access not
only the memory location specifying the electrode combina-
tion but also other memory locations specifying various
stimulation parameters such as voltage or current amplitude,
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.

According to examples described herein, such stimulation
parameters may be adjusted to modify stimulation therapy
delivered by IMD 14 based on the detected posture state of
patient 12. In some examples, processor 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
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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 patient’s current posture state.

An exemplary range of electrical stimulation parameters
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 signals may be of any of a
variety of forms such as sine waves or the like.

1. Pulse Rate: between approximately 0.5 Hzand 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 embodiments, 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 between 0.1 milliamps (mA) and 50 mA.

3. Pulse Width: between about 10 microseconds and 5000
microseconds, more preferably between approximately 100
microseconds and 1000 microseconds, and still more prefer-
ably between approximately 180 microseconds and 450
microseconds.

In other applications, different ranges of parameter values
may be used. For deep brain stimulation (DBS), as one
example, alleviation or reduction of symptoms associated
with Parkinson’s disease, essential tremor, epilepsy or other
disorders may make use of stimulation having a pulse rate in
the range of approximately 0.5 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 approximately
60 microseconds and 1000 microseconds, still more prefer-
ably between approximately 60 microseconds and 450 micro-
seconds, and even more preferably between approximately
60 microseconds and 150 microseconds. Amplitude ranges
such as those described above with reference to SCS, or other
amplitude ranges, may be used for different DBS applica-
tions.

Processor 80 accesses stimulation parameters in memory
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 stimulation 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 pro-
gram may specify a set of stimulation parameters, such as
amplitude, pulse width and pulse rate. In addition, each pro-
gram may specify a particular electrode combination for
delivery of stimulation. Again, the electrode combination
may specify particular electrodes in a single array or multiple
arrays, €.g., on a single lead or among multiple leads. Proces-
sor 80 also may control telemetry circuit 88 to send and
receive information to and from external programmer 20. For
example, telemetry circuit 88 may send information to and
receive information from patient programmer 30.

Posture state module 86 allows IMD 14 to sense or detect
the current patient posture state, e.g., posture, activity or any
other static position or motion of patient 12. In the exaniple of
FIG. 4, posture state module 86 may include one or more
accelerometers, such as three-axis accelerometers, capable of
detecting static orientation or vectors in three-dimensions.
The three-axis accelerometer may be a micro-electro-me-
chanical accelerometer. In other examples, posture state mod-
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ule 86 may alternatively or additionally include one or more
gyroscopes, pressure transducers or other sensors to sense the
current posture state occupied by patient 12. Posture state
information generated by posture state module 86 and pro-
cessor 80 may correspond to an activity and/or posture under-
taken by patient 12 or a gross level of physical activity, e.g.,
activity counts based on footfalls or the like.

Posture state information from posture state module 86
may be stored in memory 82 for later review by a clinician,
used to adjust therapy, present a posture state indication to
patient 12, or some combination 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 state. IMD 14 may also store which group or
program was being used to deliver therapy when patient 12
was in the sensed posture. Further, processor 80 may also
adjust therapy for a new posture when posture state module
86 indicates that patient 12 has in fact changed postures.
Therefore, IMD 14 may be configured to provide posture
responsive stimulation therapy to patient 12. Stimulation
adjustments in response to posture state may be automatic or
semi-automatic (subject to patient approval). In many cases,
fully automatic adjustments may be desirable so that IMD 14
may react more quickly to posture state changes.

A posture state parameter value from posture state module
86 that indicates the posture state may constantly vary
throughout the day of patient 12. However, a certain activity
(e.g., walking, running, or biking) or a posture (e.g., standing,
sitting, or lying (front, back, left, right)) may include multiple
posture state parameter values from posture state module 86.
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 vector,
from the three-axis accelerometer of posture state module 86
resides within a predefined cone or volume, processor 80
indicates that patient 12 is in the posture state of the cone or
volume. In other examples, a posture state parameter value
from the 3-axis accelerometer may be compared to values in
a look-up table or equation to determine the posture state in
which patient 12 currently resides.

Posture state-responsive stimulation may allow IMD 14 to
implement a certain level of automation in therapy adjust-
ments. Automatically adjusting stimulation may free patient
12 from the constant task of manually adjusting therapy each
time patient 12 changes posture or starts and stops a certain
posture state. Such manual adjustment of stimulation param-
eters can be tedious, requiring patient 14 to, for example,
depress one or more keys of patient programmer 30 multiple
times during the patient posture state to maintain adequate
symptom control. In some embodiments, patient 12 may
eventually be able to enjoy posture state responsive stimula-
tion 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.

Although posture state module 86 is described as contain-
ing the 3-axis accelerometer, posture state module 86 may
contain multiple single-axis accelerometers, dual-axis accel-
erometers, 3-axis accelerometers, or some combination
thereof. In some examples, an accelerometer 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 positioned somewhere within patient 12, within
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an independent implantable sensor, or even worn on patient
12. For example, one or more microsensors may be implanted
within patient 12 to communicate posture state information
wirelessly to IMD 14. In this manner, the patient 12 posture
state may be determined from multiple activity sensors placed
at various locations on or within the body of patient 12.

In some 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, proces-
sor 80 or a processor of posture state module 86 may process
the raw signals provided by the posture state sensor to deter-
mine activity counts. In some embodiments, processor 80
may process the signals provided by the posture state sensor
to determine velocity of motion information along each axis.

In one example, each of the X, y, and z signals provided by
the posture state sensor has both a DC component and an AC
component. The DC components describes 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. Assuming the orientation of the sensor is
relatively fixed with respect to the patient, the DC compo-
nents of the X, y and z signals may be utilized to determine the
patient’s orientation within the gravitational field, and hence
to determine the posture of the patient.

The AC component of the x, y and z signals yields infor-
mation 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. This activity may involve a
level, direction of motion, or acceleration of the patient.

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 portion of an accelerom-
eter signal for N consecutive samples. 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 processor 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 indication of the
motion of patient 12.

As another example, the activity parameter value may be
defined as describing a direction of motion. This activity
parameter value may be associated with a vector and an
associated tolerance, which may be a distance from the vec-
tor. Another example of an activity parameter value relates to
acceleration. The value quantifying a level of change of
motion over time in a particular direction may be associated
with this parameter referenced in the activity parameter value.

In other embodiments, posture state module 86 may addi-
tionally or alternatively be configured to sense one or more
physiological parameters of patient 12. For example, physi-
ological parameters may include heart rate, electromyogra-
phy (EMG), an electroencephalogram (EEG), an electrocar-
diogram (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 aircraft, car or train), or some other false positive
of posture state.

Wireless telemetry in IMD 14 with external programmer
20, e.g., patient programmer 30 or clinician programmer 60,
or another device may be accomplished by radio frequency
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(RF) communication or proximal inductive interaction of
IMD 14 with external programmer 20. Telemetry circuit 88
may send information to and receive information from exter-
nal programmer 20 on a continuous basis, at periodic intet-
vals, at non-periodic intervals, or upon request from the
stimulator or programmer. To support RF communication,
telemetry circuit 88 may include appropriate electronic com-
ponents, such as amplifiers, filters, mixers, encoders, decod-
ers, and the like.

When the posture state parameter value indicates that
patient 12 has changed to a different posture state, processor
80 may communicate with patient programmer 30 via telem-
etry circuitry 88 to indicate the newly detected posture state,
i.e., a new posture state detection that indicates the current
posture state occupied by patient 12. In this manner, proces-
sor 80 may force patient programmer 30 to present a different
posture state indication based upon the sensed posture state
parameter value of the patient posture state. In particular,
processor 80 may transmit a new posture state detection to
patient programmer 30 to indicate the currently detected pos-
ture state occupied by the patient. Alternatively, processor 80
may periodically or non-periodically send posture state infor-
mation to patient programmer 30 either unilaterally or in
response to a request from patient programmer 30. For
example, patient programmer 30 may request the posture
state parameter value or currently detected posture state,
either of which indicates detected posture state, and indepen-
dently change the posture state indication when it is appro-
priate to do so.

Power source 90 delivers operating power to the compo-
nents of IMD 14. Power source 90 may include a small
rechargeable or non-rechargeable battery and a power gen-
eration circuit to produce the operating power. Recharging
may be accomplished through proximal inductive interaction
between an external charger and an inductive charging coil
within IMD 14. In some embodiments, power requirements
may be small enough to allow IMD 14 to utilize patient
motion and implement a kinetic energy-scavenging device to
trickle charge a rechargeable 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.

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, memory 94, pump
module 96, posture state module 98, telemetry 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 therapeutic agent via catheter 28. Pump
module 96 may include a reservoir to hold the drug and a
pump mechanism to force drug out of catheter 28 and into
patient 12.

Processor 92 may control pump module 96 according 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 their posture.

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 pro-
cessor 104, memory 108, telemetry circuit 110, user interface
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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 stimulation ON or OFF, view therapy information,
view posture state information, view a posture state indica-
tion, or otherwise communicate with IMDs 14 or 26.

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 display, 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 vis-
ible posture state indications, a display screen may suffice.
For audible and/or tactile posture state indications, program-
mer 20 may further include one or more audio speakers, voice
synthesizer chips, piezoelectric buzzers, or the like.

Input buttons for user interface 106 may include a touch
pad, increase and decrease buttons, emergency shut off but-
ton, and other buttons needed to control the stimulation
therapy, as described above with regard to patient program-
mer 30. Processor 104 controls user interface 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 instructions for processor 104 and data related to
patient 12 therapy.

Telemetry circuit 110 allows the transfer of data to and
from IMD 14, or IMD 26. Telemetry circuit 110 may com-
municate automatically with IMD 14 at a scheduled time or
when the telemetry circuit detects the proximity of the stimu-
lator. Alternatively, telemetry circuit 110 may communicate
with IMD 14 when signaled by a user through user interface
106. To support RF communication, telemetry circuit 110
may include appropriate electronic components, such as
amplifiers, filters, mixers, encoders, decoders, and the like.
Power source 112 may be a rechargeable battery, such as a
lithium ion or nickel metal hydride battery. Other recharge-
able or conventional batteries may also be used. In some
cases, external programmer 20 may be used when coupled to
an alternating current (AC) outlet, i.e., AC line power, either
directly or via an AC/DC adapter.

In some examples, external programmer 20 may be con-
figured to recharge IMD 14 in addition to programming IMD
14. Alternatively, a recharging 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 inter-
mediary communication device between external program-
mer 20 and IMD 14. In other cases, the programmer may be
integrated with a recharging functionality in the combined
programming/recharging device. The techmques described
herein may be communicated between IMD 14 via any type
of external device capable of communication with IMD 14.

FIG. 7 is a block diagram illustrating an example system
120 that includes an external device, such as a server 122, and
one or more computing devices 124 A-124N, that are coupled
to IMD 14 and external programmer 20 shown in FIGS.
1A-1C via a network 126. In this example, IMD 14 may use
its telemetry circuit 88 to communicate with external pro-
grammer 20 via a first wireless connection, and to communi-
cation with an access point 128 via a second wireless connec-
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tion. In other examples, 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.

In the example of FIG. 7, access point 128, external pro-
grammer 20, server 122, and computing devices 124A-124N
are interconnected, and able to communicate with each other,
through network 126. In some cases, one or more of access
point 128, external programmer 20, server 122, and comput-
ing devices 124A-124N may be coupled to network 126
through one or more wireless connections. IMD 14, external
programmer 20, server 122, and computing devices 124A-
124N may each comprise one or more processors, such as one
or more microprocessors, digital signal processors (DSPs),
application specific integrated circuits (ASICs), field pro-
grammable gate arrays (FPGAs), programmable logic cir-
cuitry. or the like, that may perform various functions and
operations, such as those described in this disclosure.

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 sub-
scriber 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.

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 indicate how
patient 12 moves throughout each day. In some cases, IMD 14
may directly analyze the collected data to evaluate the patient
12 posture state, 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 external programmer 20 and/or server 122, either wire-
lessly or via access point 128 and network 126, for remote
processing and analysis.

For example, IMD 14 may sense, process, trend and evalu-
ate 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 receiv-
ing a presentation of a posture state indication on a remote
display, e.g., computing device 124A. Alternatively, process-
ing, 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.

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 evaluation 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 con-
ducted, a percentage of time patient 12 was in each posture
state, the average time patient 12 was continuously within a
posture state, what group or program was being used to
deliver 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 automatically 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 should be addressed.

In some cases, server 122 may be configured to provide a
secure storage site for archival of posture state information
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that has been collected from IMD 14 and/or external pro-
grammer 20. Network 126 may comprise a local area net-
work, wide area network, or global network, such as the
Internet. In other 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 cli-
nicians, 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,
Minn.

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 treat-
ment of patient 12 and the operation of any device associated
therewith. For example, system 120 may allow therapy errors
or device errors to be immediately reported to the clinician. In
addition, system 120 may allow the clinician to remotely
intervene in the therapy and reprogram IMD 14, patient pro-
grammer 30, or communicate with patient 12. Inan 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
patients. Further, posture state detection may also be used to
provide notifications, such as providing notification via a
wireless link to a care giver that a patient has potentially
experienced a fall.

Furthermore, although the disclosure is described with
respect to SCS therapy, such techniques may be applicable to
IMDs that convey other therapies in which posture state infor-
mation is important, such as, e.g., DBS, pelvic floor stimula-
tion, gastric stimulation, occipital 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 associated with the implantable monitor-
ing device based on sensed signals evoked by delivery of
stimulation by the implantable stimulation device.

FIGS. 8A-8C are conceptual illustrations of posture state
spaces 140, 152, 155 within which posture state reference
data may define the posture state of patient 12. Posture state
reference data may define certain regions associated with
particular posture states of patient 12 within the respective
posture state spaces 140, 152, 155. The output of one or more
posture state sensors may be analyzed by posture state mod-
ule 86 with respect to posture state spaces 140, 152, 155 to
determine the posture state of patient 12. For example, if the
output of one or more posture state sensors is within a par-
ticular posture region defined by posture state reference data,
posture state module 86 may determine that patient 12 is
within the posture state associated with the respective posture
state region.

In some cases, one or more posture state regions 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 sensor 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 coordi-
nate vector that corresponds to a particular posture state. In
the examples of FIGS. 8 A and 8B, the posture state module 86
of IMD 14 or IMD 26 may use a posture state sensor, e.g., a
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three-axis accelerometer that provides data indicating the
posture state of patient 12, to sense posture vectors. While the
sensed data may be indicative of any posture state, postures of
patient 12 will generally be used below to illustrate the con-
cept 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
according to the posture state space 140. The posture state
data may include x, y and z coordinate values.

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. Alterna-
tively, a posture cone may be defined by a reference coordi-
nate vector and a range of cosine values computed using the
reference coordinate vector as an adjacent vector and any of
the outermost vectors of the cone as a hypotenuse vector. If a
sensed posture state vector is within an applicable angle or
distance of the reference coordinate vector, or if the sensed
posture state vector and the reference coordinate vector pro-
duce 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.

Posture state space 140 is segmented into different posture
cones that are indicative of a certain posture state of patient
12. Inthe example of F1G. 8 A, 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 patient 12 is lying chest down, and inverted
cone 146 indicates 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, alying right
posture cone and a lying left posture cone may be positioned
outside of the sagittal plane illustrated in FIG. 8A. In particu-
lar, the lying right and lying left posture cones may be posi-
tioned 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.

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 vec-
tors that are not orthogonal in some cases. For example,
individual reference coordinate 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,
reference 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 purposes of illus-
tration, respective posture cones may be defined by individu-
alized reference coordinate vectors for the cones.

IMD 14 may monitor the posture state parameter 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 coordinated vector of the posture state
sensor module 86 resides. For example, if the posture state
parameter value corresponds to a sensed coordinate vector
that falls within lying front cone 144, IMD 14 determines that
patient 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 accord-
ing to the posture, or both. Additionally, IMD 14 may com-
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municate the posture information to patient programmer 30
so that the patient programmer can present a posture state
indication to patient 12.

In addition, posture state area 140 may include hysteresis
zones 150A, 150B, 150C, and 150D (collectively “hysteresis
zones 1507). Hysteresis zones 150 are positions within pos-
ture 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 automatically. If the posture state sensor indi-
cates that patient 12 is in upright cone 142, IMD 14 would not
detect that patient 12 has entered a new posture cone until the
posture 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 manner, IMD 14
does not change the corresponding therapy until patient 12
fully enters a different posture cone. Hysteresis zones 150
prevent IMD 14 from continually oscillating between differ-
ent therapies when patient 12’s posture state resides near a
posture cone boundary.

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. Alternatively, some posture
cones may be defined by an angle relative to a reference
coordinate vector for another posture 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 reference 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 thata
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.

Vertical axis 141 in FIG. 8 A may correspond to a reference
coordinate vector sensed while the patient was occupying an
upright posture state. Similarly, a horizontal axis 143 may
correspond to a reference coordinate vector sensed while the
patient is occupying a lying posture state. A posture cone may
be defined with respect to the reference coordinate vector.
Although asingle axis is shown extending through the upright
and inverted 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 vectors may
not share the same axes, depending on differences between
the reference coordinate vectors obtained for the posture
cones.

Posture cones may be defined by the same angle or differ-
ent 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 —40 degrees from the posi-
tive vertical axis 141. In some cases, lying cones may be
defined relative to the reference coordinate vector of the
upright cone 142. For example, 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
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the positive vertical axis 141. In other examples, each posture
cone may have varying angle definitions, and the angles may
change during therapy delivery to achieve the most effective
therapy for patient 12.

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 vertical axis 141, hori-
zontal 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 refer-
ence 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 reference
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.

Forupright cone 142, the cosine range may extend from the
maximum cosine value of 1.0, corresponding to a sensed
vector that matches the reference coordinate 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 maximum cosine value of 1.0, corresponding
to a sensed vector that matches the reference coordinate vec-
tor of the lying cone, to a minimum cosine value that corre-
sponds to a sensed vector at the outer limit of the lying cone.
Alternatively, the lying cone 144 may be defined with refer-
ence 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.

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 a dorsal direction). In this position,
patient 12 may need a different therapy to effectively treat
symptoms. Different therapy programs may provide effica-
cious 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-
responsive therapy to patient 12. In other exaniples, posture
state area 140 may include fewer posture cones than cones
142,144, 146, 148 shown in FIG. 8A. For example, inverted
cone 146 may be replaced by a larger lying back cone 148 and
lying front cone 144.

FIG. 8B illustrates an example posture state space 152 that
is a three-dimensional space in which the posture state param-
eter value from the posture state sensor 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 parameter value derived from all three axes of a
3-axis accelerometer may be used to accurately determine the
posture 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 hyster-
esis zones are the spaces not occupied by a posture cone, e.g.,
upright cone 154, lying back cone 156, and lying front cone
158.

Posture cones 154, 156 and 158 also are defined by a
respective center line 153 A, 153B, or 153C, and associated
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cone angle A, B or C. For example, upright cone 154 is
defined by center line 153 A that runs through the center of
upright cone 154. Center line 153 A may correspond to an axis
of the posture state sensor or some other calibrated vector. In
some embodiments, each center line 153 A, 153B, 153C may
correspond to a posture reference coordinate vectors defined
for the respective postures, e.g., the upright posture. For
instance, assuming that patient 12 is standing, the DC portion
of the x, y, and z signals detected by the posture state sensor
of posture state module 86 define a posture vector that corre-
sponds 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
measured 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, distance or cosine
value, of the posture reference coordinate vector (i.e., center
line 153A), it may be determined that patient 12 is in the
upright posture. In this manner, a sensed posture coordinate
vector may be initially measured based on the output of one or
more posture state sensors of posture state module 86, asso-
ciated with a posture state, such as upright, as a reference
coordinate vector, and then later used to detect a patient’s
posture state.

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 tolerance. One way to specify a tolerance is by
providing an angle, such as cone angle A, relative to coordi-
nate reference vector 153A, which results in posture cone 154
as described herein. Cone angle A is 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 approximately 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 example 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 orthogonal to each other.

In some examples, a tolerance 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 example, a minimum cosine value,
determined using the reference coordinate vector as adjacent
and sensed coordinate vector as hypotenuse, indicates the
range of vectors 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 coor-
dinate vector does not reside within the pertinent 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.

While center lines 153 A, 153B, 153C of each ofthe posture
cones 154, 156, 158, respectively, are shown in FIG. 8B as
being substantially orthogonal to each other, in other
examples, center lines 1534, 153B, and 153C may not be
orthogonal to each other, and need not even reside within the
same plane. Again, the relative orientation of center lines
153A, 153B, 153C may depend on the actual reference coor-
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dinate vector output of the posture state sensor of posture state
module 86 of IMD 14 when patient 12 occupies the respective
postures.

In some cases, all of the posture cones may be individually
defined based on actual reference coordinate vectors. Alter-
natively, in some cases, some posture cones may be defined
with reference to one or more reference coordinate vectors for
oneormore other posture cones. For example, lying reference
coordinate vectors could be assumed to be orthogonal to an
upright reference coordinate vector. Alternatively, lying ref-
erence coordinate vectors could be individually determined
based on sensed coordinate vectors when the patient is in
respective lying postures. Hence, the actual reference coor-
dinate vectors for different postures may be orthogonal or
non-orthogonal with respect to one another, and need not
reside within a same plane.

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 posture 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 approximately the same plane as lying back
cone 156 and lying front cone 158. Moreover, posture state
space 152 may include an inverted cone positioned approxi-
mately opposite of upright cone 154. Such a cone indicates
that the patient’s posture is inverted from the upright posture,
i.e., upside down.

In some examples, to detect the posture state of a patient,
posture state module 86 of IMD 14 may determine a sensed
coordinate vector based on the posture sensor data generated
by one or more posture state sensors, and then analyze the
sensed coordinate vector with respect to posture cones 154,
156, 158 of FIG. 8B. For example, in acase in which a posture
cone is defined by a reference coordinate vector and a toler-
ance angle, e.g., tolerance angle “A,” posture state module 86
may determine whether the sensed coordinate vector is within
upright 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 determines 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.

Posture state module 86 may analyze the sensed coordinate
vector in posture state space 152 with respect to each indi-
vidual defined posture cone, such as posture cones 156 and
158, in such a manner to determine the posture state of patient
12. For example, posture state module 86 may determine the
angle between the sensed coordinate vector and reference
coordinate vector of individual posture cones defined for the
posture state, and compare the determined angle to the toler-
ance 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 analysis is one option
for posture detection.

In other examples, different posture detection analysis
techniques may be applied. For example, instead of testing a
sensed coordinate vector against posture 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
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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 indi-
vidual lying posture cones or testing the sensed coordinate
vector against a generalized lying posture volume, such as 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 modified 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 vol-
ume, then those portions can be added to the lying volume
using the logical OR-like operation.

Ifthe sensed coordinate vector resides within the donut- or
toroid-like lying volume, then the sensed coordinate vector
may be tested against each of a plurality of lying posture
cones in the lying volume. Alternatively, the posture detection
technique may not use lying cones. Instead, a posture detec-
tion technique may rely on a proximity test between the
sensed coordinate vector and each of the reference coordinate
vectors for the respective 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. For example, the
reference coordinate vector that produces the largest cosine
value with the sensed coordinate vector as hypotenuse and the
reference coordinate vector as adjacent is the closest refer-
ence coordinate vector. In this case, the lying posture associ-
ated with the reference coordinate vector producing the larg-
est 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.

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 posture state or
upright posture state by analyzing the sensed coordinate vec-
tor 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 angles “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
posture 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.

If it is determined that a sensed coordinate vector is not
within an angle A of the axis 153 A, then it may be determined
that the patient is not in 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 minimum and maximum angle values,
respectively, that a sensed vector may form with respect to
axis 153 A of patient 12 for adetermination to be made that the
patient is generally in the lying posture state. Again, cosine
values may be used instead of angles to determine the posi-
tions of sensed coordinate vectors relative to posture cones or
other posture volumes, or relative to reference coordinate
vectors.
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As illustrated, 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 pos-
ture state cone. If a sensed vector is within the angular range
of D to E, relative to axis 153 A, 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 correspond 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 vec-
tors that are considered to be representative of various lying
down postures.

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 defined by axis 153A and
angles “D” and “E”, or produces a cosine value with the
reference coordinate vector 153 A in a prescribed range, pos-
ture state module 86 may determine that patient 12 is gener-
ally 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 vec-
tors in the posture donut defined by angles D and E.

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 posture state occupied by patient 12,
posture state module 86 may analyze the sensed vector with
respect to reference coordinate vectors for individual lying
posture state cones, e.g., lving front cone 156, lying back cone
158, lying right cone (not shown), and lying left cone (not
shown), using one more techniques previously described,
such as angle or cosine techniques. For example, 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.

FIG. 8C illustrates an example posture state space 155 that
is a three-dimensional space substantially similar to posture
state space 152 of FIG. 8B. Posture state space 155 includes
upright posture cone 157 defined by reference coordinate
vector 167. The tolerance that defines upright posture cone
157 with respect to reference coordinate vector 167 may
include a tolerance angle or cosine value, as described above.
In contrast to determining whether a sensed coordinate vector
resides 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 vectors
for the lying postures.

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
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back posture states, respectively. Posture state module 86
may have defined each of the four reference coordinated
vector 159,161, 163, 165 based on the output of one or more
posture sensors while patient 12 occupied each of the corre-
sponding posture states. Unlike lying front and lying back
posture cones 158. 156 in the example of F1G. 8B, the posture
state reference data for the four defined posture states corre-
sponding 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 reference
vectors may be analyzed with respect to one another in terms
of cosine values to determine which particular reference coor-
dinate vector is nearest in proximity to a sensed coordinate
vector.

In some examples, to determine the posture state of patient
12, posture state module 85 may determine whether a sensed
coordinate vector is within upright posture cone 157 by ana-
lyzing the sensed coordinate vector in view of the tolerance
angle or cosine value(s) defined with respect to upright pos-
ture reference coordinate 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 pos-
ture state module 86 may determine that patient 12 is in a
general lying posture state.

If posture state module 86 determines that patient 12 is
occupying a general lying posture state, posture state module
86 may then calculate the cosine value of the sensed coordi-
nate vector with respect to each lying reference coordinate
vectors 159, 161, 163, 165. In such a case, 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 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 clos-
est in proximity to lying front reference vector out of the four
total reference vectors 159, 161, 163, 165. Accordingly, pos-
ture state module 85 may determine that patient 12 is occu-
pying a lying front posture state.

In some examples, posture state module 86 may determine
whether patient 12 is generally in a lying posture state based
on the relationship of a sensed vector to upright reference
vector 167. For example, as described 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
reference vectors 159, 161, 163, 165 define a common plane
substantially orthogonal to upright posture reference vector
167. However, the lying posture reference vectors 159, 161,
163, 165 may not in fact be orthogonal to the upright refer-
ence coordinate vector 167. Also, the lying posture reference
vectors 159, 161, 163, 165 may not reside in the same plane.

To account for non-orthogonal reference vectors, in other
examples, a lying posture donut or toroid may be defined with
respect to a modified or virtual upright 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 ref-
erence vector 167. However, use of the example technique is
not limited to such situations.

To define virtual upright reference vector 169, posture state
module 86 may compute the cross-products of various com-
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binations 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: lying 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 reference vectors
159, 161, 163, 165.

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

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 determines that patient
12 is occupying a general lying posture state based on the
analysis of the sensed coordinate vector with respect to 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 coordi-
nate vectors 159, 161, 163, 165 (as adjacent).

In such a case, 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 the greatest of the four cosine values. 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. Accordingly, posture state module 85 may
determine that patient 12 is occupying a lying front posture
state.

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 tolerance, such as a maxi-
mum distance from the posture vector. So long as a detected
posture vector is within this maximum distance from the
posture vector that is included in the definition of the posture
state, patient 12 may be classified as being in that posture
state. This alternative method may allow posture states to be
detected without calculating angles, as is exemplified above
in the discussion related to posture cones.

Further to the foregoing, posture states may be defined that
are specific to a particular patient’s activities and/or profes-
sion. For instance, a bank teller may spend a significant por-
tion of his working day leaning forward at a particular angle.
A patient-specific “Leaning Forward” 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 man-
ner, the defined posture states may be tailored to a specific
user, and need not be “hard-coded” in the IMD.

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
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purposes of posture state-based selection of therapy param-
eter 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
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 programmer 20.

Merging posture cones or otherwise linking a plurality of
posture states together may be useful for examples in which a
common set of therapy parameter values provides efficacious
therapy to patient 12 for the plurality of posture states. In such
an example, linking a plurality of posture states together may
help decrease the power consumption required to provide
posture-responsive therapy to patient 12 because the compu-
tation required to track patient posture states and provide
responsive therapy adjustments may be minimized when a
plurality of posture states are linked together.

Linking of posture states also may permit a therapy param-
eter 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 dif-
ferent 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 segments of the
toroid.

FIG. 9 is a conceptual diagram illustrating an example user
interface 168 of a patient programmer 30 for delivering
therapy and posture state 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, program identifier 188, amplitude
graph 190, and selection box 192. User interface 168 provides
information to patient 12 regarding group, program, ampli-
tude, and automatic 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.

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, selection
box 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 contrast or illumination screen, the time
screen, and the measurement unit screen of patient program-
mer 30. In these screens, patient 12 may be able to control the
use of the automatic posture response feature and adjust the
patient programmer 30 features. Patient 12 may only adjust
the features surrounded by selection box 192.

Group identifier 186 indicates one of possibly several
groups of programs that can be selected for delivery 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 includes a box with a checkmark. If a
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presently displayed group is not selected, group selection
icon 184 includes a box without a checkmark. To navigate
through the program 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 programmed 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.

For each group, group selection icon 184 indicates 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’ ampli-
tudes 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 ampli-
tude available to each program. In some embodiments,
numerical values of each program’s amplitude may be show
in addition to or in place of amplitude graph 190. In other
embodiments 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 infor-
mation may be shown in numerical format as well. Patient 12
may encompass group selection icon 184 with selection box
192 to scroll between the different programs of the selected
group.

Programmer 30 may be used to define posture state-re-
sponsive therapy delivered to a patient based on a sensed
posture state of the patient. However, some therapy programs
or program groups may not be configured or activated to
support posture state-responsive therapy. Automatic posture
response icon 182 indicates that IMD 14 is generally acti-
vated to automatically change therapy to patient 12 based
upon the posture state detected by posture state module 86,
i.e., to deliver posture state-responsive therapy in which one
or more stimulation parameters are adjusted according to
posture state of the patient. In particular, automatic posture
responsive therapy may involve adjusting one or more
therapy parameter values, selecting different programs or
selecting different program groups based on the detected
posture state of the patient. However, 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.” Instead, group “B” may include programs that are
not posture state-responsive. Rather, parameters associated
with programs of group “B” may be generally static such that
they are not adjusted based on detected posture state.

Some groups or individual programs in groups may sup-
port automatic posture responsive therapy, while others may
not. For example, automatic adjustment of one or more
therapy parameters in response to posture state detection may
be selectively activated or deactivated based on settings
entered by a clinician, or possibly patient 12. Hence, 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 responsive therapy. A
programmer such as programmer 30 or 60 may be configured
to present automatic posture response icon 182 to indicate to
a user whether particular programs or program groups, such
as groups selected by a user and identified by group identifier
186, are configured to support posture state-responsive
therapy. In some cases, if posture state-responsive therapy
supported by the automatic posture response feature is

10

20

25

40

45

60

65

34

desired, patient 12 may need to switch therapy to a different
group that has automatic posture responsive therapy activated
for IMD 14 to adjust therapy according to the patient 12
posture state.

Automatic posture response icon 182 provides an imme-
diate indication as to whether a selected program or group of
programs is posture state-responsive. With automatic posture
response icon 182 presented by programmer 30, it is not
necessary for the user to wonder about the posture state-
responsive status of a program or group, or memorize such
status. Instead, the status may be immediately displayed to
the user via the user interface of programmer 30, permitting
the user to switch to a different therapy on the basis of whether
posture state-responsive therapy is desired or not. Although
described as an icon, automatic posture response icon 182
may alternatively be presented by any textual, graphical, tac-
tile, audible or visible indication suitable to convey the pos-
ture state-responsive status of the selected therapy program or
group to the user.

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 interface 168 may also be
shown on clinician programmer 60. In the example of FIG.
10, display 36 of patient programmer 30 provides user inter-
face 168 to the user, such as patient 12, via screen 194. Screen
194 includes stimulation icon 174, IMD battery icon 176,
programmer battery icon 178, and automatic posture
response icon 182, similar to screen 170 of FIG. 9. In addi-
tion, screen 194 includes group selection icon 184, group
identifier 186, supplementary posture state indication 202,
program identifier 196, posture state indication 200, ampli-
tude value 204, selection box 192, and selection arrows 180.
User interface 168 provides information to patient 12 regard-
ing group, program, amplitude, automatic posture response
status, and posture state information. More or less informa-
tion may be provided to patient 12, as desired by the clinician
or the patient.

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

In addition, posture state indication 200 shows that IMD 14
is detecting that patient 12 is in the upright or standing pos-
ture. Supplementary posture state indication 202 supple-
ments posture state indication 200 by explaining 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 indication 202 change according
to the sensed, or detected, posture state detected by IMD 14.
The posture state may be communicated to the external pro-
grammer immediately when IMD 14 detects a posture
change, or communicated periodically or non-periodically by
IMD 14 unilaterally or upon receiving a request from the
programmer. Accordingly, the posture state indication 200
and/or supplementary posture state indication 202 may rep-
resent a current, up-to-the minute status, or a status as of the
most recent communication of posture state from IMD 14.
Posture state indication 200 is shown as a graphical represen-
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tation, but the posture state indication may alternatively be
presented as any one of a symbolic icon, a word, a letter, a
number, an arrow, or any other representation of the posture
state. In some cases, posture state indication 200 may be
presented without supplementary posture state indication
202.

Selection box 192 indicates that patient 12 view other
programs within group “B” using selection arrows 180.
Selection box 192 may be moved to select other screen levels
with control pad 40 in order to navigate through other stimu-
lation groups or adjustable elements of the therapy. When
patient 12 selects a different program with control pad 40,
program identifier 196 will change number to correctly iden-
tify the current program viewed on screen 194

As mentioned above, in addition to graphical, textual or
other visible indications of posture state, the external pro-
grammer may present audible and/or tactile indications of
posture state via any of a variety of audible or tactile output
media. Again, an audible indication may be spoken words
stating a posture 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 different numbers of vibratory pulses delivered in
sequence or vibratory pulses of different lengths, amplitudes,
or frequencies.

FIGS. 11A-11E are conceptual diagrams illustrating
examples of different posture state indications that may be
graphically displayed on a user interface, e.g., user interface
168. As shown in FIGS. 11A-11E, posture state indications
208A-208E (collectively “posture state indications 208”) are
different posture state indications that are representative of
different patient posture states. Posture state indications 208
are alternative embodiments of posture state indication 200 of
FIG. 10. Specifically, posture state indications 208 are
graphic representations that may be representative of static
posture patient 12 typically assumes during daily routines,
such as standing and sleeping. Although posture state indica-
tions 208 are shown in conjunction with program identifier
210, similar to program identifier 196 of FIG. 10, posture
state indications 208 may be presented alone. Posture state
indications 208 are one type of posture state indication, in that
all posture state indications 208 may be considered to be a set
of posture state indications. Posture state indications 208 are
shown in black and white, but the indications may be pre-
sented with multiple colors, sizes, or other creative alterna-
tives.

FIG. 11A illustrates a posture state indication 208 A which
is representative of an upright posture of patient 12. Posture
state indication 208 A is an example representation ofa person
standing in an upright position, perpendicular to the plane of
the ground. In some examples, posture state indication 208A
may be a symbolic icon that patient 12 would associate with
their standing posture state.

FIG. 11B illustrates posture state indication 208B which is
representative of a patient posture state lying down on their
back. When patient 12 lies on their back, the posture state
parameter value, generated by the posture state module, will
indicate that the patient posture state of the patient lying on
their back corresponds to posture state indication 208B. FIG.
11C illustrates posture state indication 208C which is repre-
sentative of the patient posture state lying on their right side,
and F1G. 11D illustrates posture state indication 208D which
is representative of the patient posture state lying on their left
side. Additionally, FIG. 11E shows posture state indication
208E, which is representative of the patient posture state lying
front, e.g., lying on their stomach.
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When patient 12 changes, or transitions, to a different
posture state, processor 104 may force user interface 168 to
change the presented posture state indication to correctly
indicate the current posture state that is detected. The new
posture state indication may be presented immediately upon
detection, after a transition delay until the new detected pos-
ture state is stable, as soon as IMD 14 can communicate with
patient programmer 30, when patient programmer 30
requests the current posture state parameter value or posture
state, or at any other time after patient 12 assumes the new
posture state.

When the new posture state indication is presented, patient
programmer 30 may indicate that the posture state indication
has changed. For example, the new posture state indication
may blink on and off for ten seconds before the posture state
indication is presented as a solid indication. Alternatively,
patient programmer 30 may present a pop-up window for a
short time that indicates that the posture state has changed. In
other embodiments, patient programmer 30 may provide an
audible alert so that patient 12 recognizes that IMD 14 has
detected the change in posture state. These and other transi-
tional alerts may be implemented to further increase the effi-
cacy of therapy via patient 12 feedback and interaction with
patient programmer 30.

Posture state indications 208 are only one type of posture
state indications. In other examples, there may be additional
posture state indications 208 not illustrated herein. For
example, posture state indications 208 may also include an
inverted posture state indication, a reclining posture state
indication, specific activities, or any other posture state indi-
cations that may be representative of the patient posture state.
The clinician or patient 12 may even select other posture state
indications from a catalog to describe certain posture states
that patient 12 commonly uses.

FIG. 12 is a conceptual diagram illustrating an example
screen 214 of user interface 168 for prompting the user to
indicate if the sensed patient posture state is correct. As shown
in FIG. 12, screen 214 presents selection box 216, mode text
218, posture state indication 220, prompt text 222, yes prompt
224, and no prompt 226. If posture state indication 200 of
FIG. 10 is not representative of the current posture state,
patient 12 may use control pad 40 to enter screen 214 to
confirm the correct posture state. Mode text 218 displays
“sensed posture” to indicate that the current sensed posture
state 1s that posture state shown by posture state indication
220.

If the presented posture state indication 220 is not correct,
patient 12 may move selection box 216 on screen 214 from
mode text 218 to highlight prompt text 222. Patient 12 may
confirm that the sensed posture of posture state indication 220
is the correct current posture state of patient 12 by pressing
increase button 52 of patient programmer 30 as shown by yes
prompt 224. If the presented posture state indication 220 is
incorrect, then patient 12 may select decrease button 50 of
patient programmer 30 as shown by no prompt 226. Alterna-
tively, patient 12 may use control pad 40 to highlight either
yes prompt 224 or no prompt 226 with selection box 216. If
the sensed posture shown by posture state indication 220 is
correct, patient 12 may be returned to the normal operating
screen of the user interface. If patient 12 indicates that the
sensed posture state is incorrect, processor 104 may prompt
patient 12 to select the appropriate posture state indication to
allow IMD 14 to re-orient the activity sensor, or posture state
module, as shown in FIG. 13. Any of a variety of techniques
for presenting sensed posture and eliciting patient feedback
concerning accuracy of the sensed posture may be used.
Accordingly, the particular example provided in FIG. 12 is
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provided for purposes of illustration and without limitation to
other approaches or techniques.

FIG. 13 is a conceptual diagram illustrating an example
screen 230 of user interface 168 for receiving a confirmed
posture state from the user. As shown in FIG. 13, screen 230
presents mode text 232, accept prompt 234, posture state
indications 208, and selection box 236. Mode text 232 dis-
plays “select current posture” to indicate to patient 12 that the
correct current posture state indication needs to be confirmed
by patient 12. Patient 12 may confirm the posture state by
moving selection box 236 over the current one of posture state
indications 208 and pressing increase button 52 suggested by
accept prompt 234. Alternatively, patient 12 may press the
center of control pad 40 or depress a different enter key. In the
example of FIG. 13, patient 12 is lying on their right side, so
the current patient posture state is represented by posture state
indication 208C. In other examples, if a touch screen is pro-
vided, patient 12 may use a stylus to select a desired posture
state indication.

In some examples, IMD 14 may require the selection of
more than one confirmed posture state to be able to re-orient
the posture sensor module after patient 12 has indicated that
the presented posture state indications are incorrect. Patient
12 may need to assume two different posture states and select
the corresponding posture state indications, as prompted by
user interface 168. Alternatively, IMD 14 may prompt patient
12 to confirm three or more posture states, up to all of the
possible posture states represented by the posture state indi-
cations. Hence, user interface 168 may guide the patient 12
through a process of occupying particular postures and
receiving user input indicating the posture state indications
that correspond to such postures.

FIGS. 14A-14D are conceptual diagrams illustrating dif-
ferent posture state indications 240A-D that may represent
the patient posture state on screen 238 of user interface 168.
As shown in FIG. 14A, screen 238 presents therapy informa-
tion to patient 12 in the form of group indicators and ampli-
tude indicators. In addition, screen 238 presents posture state
indication 240A, an embodiment of posture state indication
200, to represent the current patient posture state sensed by
the activity sensor. In the example of FIG. 14A, posture state
indication 240A represents that patient 12 is in an upright
posture state. Posture state indication 240A also presents two
other posture states that patient 12 could assume, but these
posture states are not currently detected. These additional
posture states may be helpful to patient 12 to ensure that the
patient is aware of the other possible posture states detectable
by IMD 14 before patient 12 decides that the incorrect posture
state 1s being sensed. All of posture state indications 240A-D
are one type of posture state indication, and the type may be
selectable by the clinician or patient 12.

FIG. 14B illustrates posture state indication 240B, which
represents patient 12 in a sitting or reclining posture state.
Posture state indication 240B shows the upright and lying
down posture states as grayed out because they are not cur-
rently detected by the activity sensor. FIG. 14C illustrates
posture state indication 240C, which represents patient 12 in
a lying down posture state. In cases where the activity sensor
does not differentiate between different postures when patient
12 is lying down, posture state indication 240C may be suf-
ficient. If the activity sensor and IMD 14 can indicate the
exact posture of patient 12, the supplemental posture state
indication, may describe the posture state with text, e.g., lying
back, lying front, lying right, and lying left. Posture state
indication 240D illustrated in FIG. 14D shows all three pos-
ture states. Patient programmer 30 may present posture state
indication 240D when patient 12 continuously transitions
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between multiple posture states within a certain period of
time. Alternatively, or additionally, user interface 168 may
blink posture state indication 240D when there is a problem
with the activity sensor that needs user input or remote atten-
tion.

FIGS. 15A-15C are conceptual diagrams illustrating dif-
ferent posture state indications 244 A-C that show the current
patient posture state and other non-current patient posture
states inuser interface 168. As shown in FIG. 15A, screen 242
presents therapy information to patient 12 in the form of
group indicators and amplitude indicators. In addition, screen
242 presents posture state indication 244A, an embodiment of
posture state indication 200, to represent the current patient
posture state sensed by the activity sensor. In the example of
FIG. 15A, posture state indication 244A represents that
patient 12 is in a lying down posture state. All of posture state
indications 244 A-C of FIGS. 15A-C are one type of posture
state indication, and the type may be selectable by the clini-
cian or patient 12. However, posture state indication 244 A
does not present all of the posture state information to patient
12.

Supplementary posture state indication 246 supplements
posture state indication 244A by additionally describing the
lying down posture as “lie right,” i.e., patient 12 is lying on
their right side. Supplementary posture state indication 246
may be particularly useful if the therapy programmed by the
clinician benefits from subtle changes in posture state. These
subtle changes to the patient posture state may be detectable
with narrow posture cones configured by either the clinician
or patient 12 during the course of therapy. For example,
supplementary posture state indication 246 may describe an
activity that is being performed while patient 12 is engaged in
the posture shown in posture state indication 244A. In this
manner, posture state indication 244A may show the general
posture state of patient 12 and supplementary posture state
indication 246 may further define the specific posture state
detected by IMD 14. Supplementary posture state indication
246 may be text in the language of patient 12, a letter, a
number, another graphical representation, an icon, an arrow,
or even an audible alert delivered by a speaker of patient
programmer 30.

FIG. 15B illustrates posture state indication 244B, which
represents patient 12 in an upright posture state. Posture state
indication 244B shows the reclining and lying down posture
states as just an outline because they are not currently
detected by the activity sensor. FIG. 15C illustrates posture
state indication 244C, which represents patient 12 in a reclin-
ing posture state. Posture state indication 244C may be rep-
resentative of sitting in a chair, driving, or some other posture
or activity that includes patient 12 assuming that posture
state. In other embodiments, there may be additional posture
state indications of the same type as posture state indications
244A-C.

FIGS. 16 A-16F are conceptual diagrams illustrating a type
of different posture state indications 248A-F (collectively
“posture state indications 248”) representative of a posture or
an activity. Posture state indications 248 are embodiments of
posture state indication 200 and example posture state indi-
cations that may include representations of activity as well as
a static posture. F1G. 16A illustrates posture state indication
248A that is representative of patient 12 standing upright.
FIG. 16B illustrates posture state indication 248B that is
representative of patient 12 engaged in an activity while
assuming the upright posture. IMD 14 may detect the activity
by monitoring the posture state parameter value from the
activity sensor. The vector direction of the posture state
parameter value may be within the same posture cone
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between both posture state indications 248 A and 248B. How-
ever, the magnitude of the vector may change in magnitude
over a predetermined threshold that indicates a further activ-
ity. In this case, the posture state parameter value may asso-
ciate with posture cone 154B, for example, which is repre-
sented by posture state indication 248B instead of posture
state indication 248A.

FIG. 16C illustrates posture state indication 248C, which is
representative of patient 12 assuming a reclining posture.
FIG. 16D illustrates posture state indication 248D, which is
similar to posture state indication 248C. However, posture
state indication 248D represents activity of patient 12 in
addition to the detected reclining posture. FIG. 16E illustrates
posture state indication 248E, which is representative of
patient 12 lying down. In contrast, FIG. 16F illustrates pos-
ture state indication 248F to represent that patient 12 is lying
down and also engaged in some activity, e.g., swimming,
lifting weights, or some other activity. In alternative embodi-
ments, posture state indications 248 may include text in addi-
tion to the graphical representation shown in FIGS. 16A-F.

FIGS.17A-17E are conceptual diagrams illustrating a type
of different posture state indications 250A-E (collectively
“posture state indications 250”) that may represent different
patient postures. Posture state indications 250 are embodi-
ments of posture state indication 200 and show the orientation
of the head of patient 12 in relation to the ground. In this
manner, posture state indications 250 may tell patient 12 what
posture state IMD 14 is detecting. Posture state indication
250A includes head 252A oriented upright with respect to
ground 254. Posture state indication 250A is an example
representation of a person standing or sitting in an upright
position, perpendicular to the plane of the ground.

FIG. 17B illustrates posture state indication 250B which is
representative of a patient posture state lying down on their
back. Head 252B is oriented with the eyes and nose pointed
away from ground 254 in posture state indication 250B. FIG.
17C illustrates posture state indication 250C which shows
head 252C oriented facing ground 254. Posture state indica-
tion 250C is representative of the patient posture state oflying
down on their chest, or lying front. FIG. 17D illustrates pos-
ture state indication 250D which includes head 252D oriented
with the eyes and nose pointed to the left of ground 24.
Posture state indication 250D is representative of the patient
posture state when patient 12 lies down on their left side.
Additionally, FIG. 17E illustrates posture state indication
250E which includes head 252E oriented to the right of
ground 254. Posture state indication 250F is representative of
patient 12 lying on their right side.

Posture state indications 250 may include any other
attributes, actions, or presentation methods described herein
with regard to any embodiments of posture state indication
200. Posture state indications 250 may be animated when
transitioning between different posture state indications or to
indicate the patient 12 that an input or attention is needed to
address a problem with IMD 14 or patient programmer 30.
Further, posture state indications 250 are only one type of
posture state indications. In other examples, there may be
additional posture state indications 250 not illustrated herein.
For example, posture state indications 250 may also include
an inverted posture state indication, a reclining posture state
indication, specific activities, or any other posture state indi-
cations that may be representative of the patient posture state.

FIGS. 18A-18F are conceptual diagrams illustrating dif-
ferent posture state indications 256 A-F (collectively “posture
state indications 256”) that utilize a changing reference
ground for orientation. Posture state indications 256 are
embodiments of posture state indication 200 and show a static
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orientation of head 258 within a three-dimensional space
around which a reference ground moves to show the posture
state of patient 12. FIG. 18A shows posture state indication
256A which includes head 258 and reference ground 260A
oriented below head 258 to indicate that patient 12 is in an
upright posture state.

FIG. 18B illustrates posture state indication 2568 which is
representative of a patient posture state lying down on their
left side. Reference ground 260B is positioned on the left side
of patient 12. FIG. 18C illustrates posture state indication
256C which shows reference ground 260C as positioned
above head 258. Posture state indication 256C is representa-
tive of patient 12 being in an inverted posture state. FIG. 18D
shows posture state indication 256D which includes refer-
ence ground 260D positioned to the right of head 258. Posture
state indication 256D is representative of patient 12 lying
down on their right side. Further, FIG. 18E illustrates posture
state indication 256E which shows reference ground 260E
positioned behind head 258. Posture state indication 256F is
representative of the posture state parameter value detecting
that patient 12 is lying down on their back. In addition, FIG.
18F illustrates posture state indication 256F which includes
reference ground 260F positioned in front of head 258 to
represent that the patient posture state is lying on the chest of
patient 12.

Posture state indications 256 may include any other
attributes, actions, or presentation methods described herein
with regard to any embodiments of posture state indication
200. Further, posture state indications 256 are only one type
of posture state indications. In other examples, there may be
additional posture state indications 256 not illustrated herein.
For example, posture state indications 256 may also include
an element or icon indicating the activity of patient 12 instead
of only showing a static posture.

FIGS. 19A-19F are conceptual diagrams illustrating dif-
ferent posture state indications 262 A-F (collectively “posture
state indications 262”) that utilize arrows. Posture state indi-
cations 262 are embodiments of posture state indication 200
and show an arrow that points in the direction of the posture
state of patient 12. FIG. 19A shows posture state indication
262A which is an arrow pointing up to represent that patient
12 is in the upright posture state.

FIG. 19B illustrates posture state indication 262B which is
an arrow pointing down to represent that patient 12 inverted.
FIG. 19C illustrates posture state indication 262C which is an
arrow pointing to the right to represent that the posture state
parameter value detects that patient 12 is lying down on their
right side. FIG. 19D shows posture state indication 262D
which shows an arrow pointing to the left to represent that
patient 12 is lying down on their left side. Further, FIG. 19E
illustrates posture state indication 262F which is an arrow
pointing back into the screen to represent that patient 12 is
lying down on their back. Additionally, FIG. 19F illustrates
posture state indication 262F which is an arrow pointing
towards the user to indication that patient 12 is lying down on
their chest, or lying front.

Posture state indications 262 may include additional
arrows or arrows that change in size depending on the activity
of patient 12 detected by IMD 12. Posture state indications
262 may also include any other attributes, actions, or presen-
tation methods described herein with regard to any embodi-
ments of posture state indication 200. Further, posture state
indications 262 are only one type of posture state indications.
In other examples, there may be additional posture state indi-
cations 262 not illustrated herein. For example, posture state
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indications 262 may also include an element or icon indicat-
ing the activity of patient 12 instead of only showing a static
posture.

FIGS. 20A-20F are conceptual diagrams illustrating dif-
ferent posture state indications 264 A-F (collectively “posture
state indications 264”) that represent activities of the patient.
Posture state indications 264 are embodiments of posture
state indication 200 and show activities of patient 12 that are
patient posture state. The posture state parameter value from
the activity sensor may indicate that the posture state of
patient 12 includes an activity as measured by the changing
magnitude of the posture state parameter value, or some other
measurement. Just as patient 12 may benefit from changing
therapy parameters due to static posture, patient 12 may ben-
efit from an adjustment in therapy parameters due to the
recognition that patient 12 is engaged in a particular activity.

FIG. 20A shows posture state indication 264A which is a
representation of patient 12 running FIG. 20B illustrates pos-
ture state indication 264B which is a representation of patient
12 walking FIG. 20C illustrates posture state indication 264C
which is a representation of patient 12 swimming. FIG. 20D
shows posture state indication 264D which is a representation
of patient 12 engaged in the activity of riding a bike. More-
over, FIG. 20E illustrates posture state indication 264E which
is a representation of patient 12 lifting items or doing other
work in which patient 12 is bending over frequently. Addi-
tionally, FIG. 20F illustrates posture state indication 264F
which is a representation of patient 12 riding in a car. All of
posture state indications 264 are representative of some pos-
ture state that includes an activity that involves repetitious or
sporadic movement that may benefit from a change in therapy
parameters.

Posture state indications 264 may also include any other
attributes, actions, or presentation methods described herein
with regard to any embodiments of posture state indication
200. Moreover, posture state indications 264 are only one
type of posture state indications, e.g., activity posture state
indications. In other examples, there may be additional pos-
ture state indications 264 not illustrated herein. For example,
posture state indications 264 may also include typing, row-
ing, washing dishes, gardening, playing a musical instrument,
or any other activity patient 12 may be engaged.

FIG. 21 is a flow chart illustrating an example method for
initially selecting the type of posture state indications for the
user interface to present on the user interface. As shown in
FIG. 21, the user, e.g., the clinician, physician, technician, or
patient 12, enters the posture state initialization screen or
menu that allows IMD 14, or IMD 26, to detect the posture
state of patient 12 from the sensed posture state parameter
value from the activity sensor (266). Generally, the user will
perform the posture state initialization on clinician program-
mer 60, but the user may use patient programmer 30 or a
different external programmer 20. Next, clinician program-
mer 60 prompts the user to select the type of posture state
indication to use when presenting the posture state represen-
tationto patient 12 (268). The user may select from any of the
posture state indication types described herein, such as pos-
ture state indications 200, 208, 240, 244, 248, 250, 256, 262,
or 264. In some embodiments, the user may select a type of
posture state indication for the posture and different type of
posture state indication for the activity of patient 12.

After the user has selected the desired type of posture state
indication, clinician programmer 60 receives the posture state
indication type selection (270) and stores the selection in
programmer 60 memory and IMD 14 memory (272). IMD 14
may communicate the selection to patient programmer 30 or
clinician programmer 60 may directly communicate the
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selection of posture state indication type to patient program-
mer 30. In some embodiments, the posture state indication
type selection may only be stored in the memory of IMD 14
and communicated to the appropriate external programmer
20 as needed. After the posture state indication type is
selected, the user continues initialization via the clinician
programmer 60 (274).

FIG. 22 is a flow chart illustrating an example method for
selecting the representative posture state indication and pre-
senting the posture state indication on the user interface. In
general, a programmer receives a posture state detection indi-
cating a posture state currently occupied by a patient, obtains
a posture state indication representative of the detected pos-
ture state, and presents the posture state indication via a user
interface of a medical device programmer. The detected pos-
ture state may be detected by IMD 14 and communicated to
an external programmer.

The example of FIG. 22 is described with respect to patient
programmer 30, but any external programmer, such as clini-
cian programmer 60 may alternatively be used. As shown in
FIG. 22, patient programmer 30 displays therapy information
to patient 12 (276). Therapy information may be any combi-
nation of stimulation amplitude, pulse width, pulse fre-
quency, electrode combination, drug delivery rate, bolus size,
active program, active group, battery levels, stimulation
activity, automatic posture response, posture state indica-
tions, or any other information that is related to the therapy
received by patient 12.

If a new group has been selected by patient 12 for stimu-
lation therapy (278), processor 104 of patient programmer 30
checks to see if the automatic posture state response (APR)
has been enabled (280). If the automatic posture response has
not been enabled, processor 104 updates the therapy infor-
mation (290) and continues to display the therapy informa-
tion (276). [f the automatic posture response has been enabled
for the selected group of stimulation programs (280), then
processor 104 determines if the posture state indication is to
be displayed on user interface 168, for example (282). If the
posture state indication is not to be displayed, then processor
104 updates the therapy information (290) and displays the
therapy information (276).

If processor 104 is to display the posture state indication for
the selected group (282), the processor 104 may obtain the
posture state indication by retrieving, or obtaining, a current
posture state detection posture state parameter value (284)
from posture state module 86 or processor 80 of IMD 16 and
selecting the posture state indication that is associated with
the detected posture state (286). The detected posture state
indicates the posture stated currently occupied by the patient.
Processor 104 then updates the posture state indication (288),
updates the therapy information (290), and displays the
therapy information (276).

While in the selected group for which the posture state
indication is to be displayed, processor 104 continues to
update the posture state indication according to the posture
state parameter value and the instructions stored within
memory 108. For example, processor 104 may periodically
communicate with IMD 14 to receive the current posture state
parameter value or currently detected posture state. Alterna-
tively, IMD 14 may send an update communication to patient
programmer 30 whenever the posture state has changed. In
any case, processor 104 may continue to update the posture
state indication according to the currently detected posture
state during therapy with the selected group of stimulation
therapy programs.

In other embodiments, any automatic posture response
enabled group may automatically trigger processor 104 to
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display the posture state indication that corresponds to the
detected posture state or posture state parameter value. In
addition, the posture state indication may be provided at all
times, even if the selected group does not deliver therapy
based upon the sensed posture state of patient 12. This
embodiment may be beneficial when IMD 14 is configured to
collect and record posture state information that is used to
determine the effectiveness of therapy or evaluate the poten-
tial of automatic posture response to increase therapy effi-
cacy.

FIG. 23 is a flow chart illustrating an example method for
the user to confirm the correct patient posture state is repre-
sented by the posture state indication. The example of FIG. 23
is described with respect to patient programmer 30, but any
external programmer, such as clinician programmer 60 may
alternatively be used. As shown in F1G. 23, patient program-
mer 30 displays therapy information to patient 12 (292). If
patient 12 enters the posture confirm mode (294), as illus-
trated in FIG. 12, processor 104 displays the posture state
confirmation screen (296). User interface 106 then receives
the posture state correction input from patient 12 (298).

If the posture state is correct because the posture state
indication is correctly representative of the patient 12 posture
state (300), then processor 104 leaves the posture state con-
firmation screen (310) and user interface 106 continues to
display therapy information (292). If the posture state is not
correct (300), processor 104 prompts patient 12 to select the
posture state indication that is representative of the current
correct posture state via user interface 106 (302), as illus-
trated in the example of FIG. 13. User interface 106 then
receives the posture state confirmation selection (304). If
processor 104 requires another posture state confirmation
(306), user interface 106 again prompts patient 12 to select
the current posture state with a posture state indication (302).
Otherwise, processor 104 re-orients the activity sensor and/or
the posture state parameter value to the new posture state
confirmation selection made by patient 12 (308). Processor
104 then leaves the posture state confirmation screen (310)
and continues to display therapy information (292).

The disclosure may be capable of providing many features
to a user. For example, the patient may continually monitor
automated therapy based on sensed posture states by viewing
the sensed posture state as represented by the posture state
indication. If there is any problem with the automated adjust-
ment to therapy, the patient can first determine if the system is
correctly sensing the posture state. In addition, the patient
may confirm or change the sensed posture state by selecting
the correct posture state indication. In turn, the system may
re-orient the activity sensor to more accurately detect the
posture state of the patient.

The techniques described in this disclosure may be imple-
mented, at least in part, in hardware, software, firmware or
any combination thereof. For example, various aspects of the
techniques may be implemented within one or more micro-
processors, digital signal processors (DSPs), application spe-
cific integrated circuits (ASICs), field programmable gate
arrays (FPGAs), or any other equivalent integrated or discrete
logic circuitry, as well as any combinations of such compo-
nents, embodied in programmers, such as physician or patient
programmers, stimulators, or other devices. The term “pro-
cessor” or “processing circuitry” may generally refer to any
of the foregoing logic circuitry, alone or in combination with
other logic circuitry, or any other equivalent circuitry.

When implemented in software, the functionality ascribed
to the systems and devices described in this disclosure may be
embodied as instructions on a computer-readable medium
such as random access memory (RAM), read-only memory
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(ROM), non-volatile random access memory (NVRAM),
electrically erasable programmable read-only memory (EE-
PROM), FLASH memory, magnetic media, optical media, or
the like. The instructions may be executed to support one or
more aspects of the functionality described in this disclosure.

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 systems may be implemented
in non-human patients, e.g., primates, canines, equines, pigs,
and felines. These animals may undergo clinical or research
therapies that may benefit from the subject matter of this
disclosure.

Many embodiments of'the disclosure 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.

What is claimed is:

1. A method comprising:

receiving, by a telemetry circuit and from a medical device

associated with a medical patient, a detected posture
state indicating a posture state currently occupied by the
medical patient; and

presenting, by a user interface of a medical device pro-

grammet, a posture state indication representative of the
detected posture state currently occupied by the medical
patient.

2. The method of claim 1, wherein presenting the posture
state indication comprises generating a visible, audible or
tactile representation of the posture state indication.

3. The method of claim 1, wherein presenting the posture
state indication comprises presenting a visible representation
of the posture state indication.

4. The method of claim 3, wherein presenting the posture
state indication comprises presenting the posture state indi-
cation on a display associated with the user interface of the
medical device programmer.

5. The method of claim 1, further comprising presenting
therapy information via the user interface of the medical
device programmer relating to therapy delivered to the medi-
cal patient by a medical device.

6. The method of claim 5, wherein receiving the detected
posture state comprises receiving the detected posture state
from the medical device.

7. The method of claim 1, further comprising presenting an
automatic posture response icon with at least one of a therapy
program or a group of therapy programs, wherein the auto-
matic posture response icon indicates therapy is delivered
automatically according to the posture state of the medical
patient.

8. The method of claim 1, wherein the posture state indi-
cation includes at least one of a group of posture state indi-
cations that represents a posture of the medical patient or an
activity of the patient.

9. The method of claim 1, wherein the posture state indi-
cation includes at least one of an upright indication, a lying
back indication, a lying front indication, a lying right indica-
tion, a lying left indication, a walking indication, a running
indication, a biking indication, a swimming indication, a car
riding indication, a lifting indication, or a typing indication.

10. The method of claim 1, wherein the posture state indi-
cation includes at least one of a graphical representation, a
symbolic icon, a word, a letter, a number, or an arrow.

11. The method of claim 1, further comprising presenting a
supplementary posture state indication with the posture state
indication, wherein the supplementary posture state indica-
tion represents the posture state differently than the posture
state indication.
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12. The method of claim 11, wherein the posture state
indication is a graphical representation and the supplemen-
tary posture state indication is a textual representation.

13. The method of claim 1, further comprising receiving a
posture state confirmation from the medical patient that con-
firms the patient is currently engaged in the posture state
represented by the presented posture state indication.

14. The method of claim 1, further comprising controlling,
according to the posture state of the medical patient, the
medical device to deliver electrical stimulation therapy to the
medical patient.

15. A programmer for an implantable medical device, the
programmer comprising:

atelemetry circuit configured to receive, from the implant-

able medical device, a detected posture state indicating a
posture state currently occupied by a medical patient;

a processor configured to obtain a posture state indication

that is representative of the detected posture state of the
medical patient; and

a user interface configured to present the posture state

indication representative of the detected posture state
currently occupied by the medical patient.

16. The programmer ofclaim 15, wherein the user interface
is configured to present therapy information relating to
therapy delivered to the medical patient by the implantable
medical device.

17. The programmer of claim 15, further comprising a
memory configured to store a plurality of posture state indi-
cations, wherein:

the posture state indication is one of the plurality of posture

state indications; and

the plurality of posture state indications include at least one

of an upright indication, a lying back indication, a lying
front indication, a lying right indication, a lying left
indication, a walking indication, a running indication, a
biking indication, a swimming indication, a car riding
indication, a lifting indication, or a typing indication.

18. The programmer of claim 15, wherein the user interface
is configured to present an automatic posture response icon
with at least one of a therapy program or a group of therapy
programs, wherein the automatic posture response icon indi-
cates therapy is delivered automatically according to the
detected posture state of the medical patient.

19. The programmer of claim 15, wherein the posture state
indication includes at least one of a group of posture state
indications that represents a posture of the medical patient or
an activity of the patient.
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20. The programmer of claim 15, wherein the user interface
is configured to present a supplementary posture state indi-
cation with the posture state indication, wherein the supple-
mentary posture state indication represents the posture state
differently than the posture state indication.

21. The programmer of claim 20, wherein the posture state
indication is a graphical representation and the supplemen-
tary posture state indication is a textual representation.

22. The programmer of claim 15, wherein the user interface
is configured to receive a posture state confirmation from the
medical patient, the posture state confirmation confirming
that the medical patient is currently engaged in the posture
state represented by the presented posture state indication.

23. The programmer of claim 15, wherein the processor is
configured to control, according to the posture state of the
medical patient, the implantable medical device to deliver
electrical stimulation therapy to the medical patient.

24. The method of claim 1, further comprising:

receiving, by the medical device programmer, input indi-

cating that the detected posture state incorrectly identi-

fles a current posture state occupied by the medical
patient;

presenting, by the user interface, a plurality of posture state

indications associated with different posture states; and

receiving, by the medical device programmer, user selec-
tion of one of the plurality of posture state indications
representative of the current posture state occupied by
the medical patient.

25. The method of claim 24, further comprising re-orient-
ing, based on the user selection of the one of the plurality of
posture state indications, a posture state parameter value from
which the detected posture state is determined.

26. A system comprising:

an implantable medical device; and

a programmer for the implantable medical device, the pro-

grammer comprising:

a telemetry circuit configured to receive, from the
implantable medical device, a detected posture state
indicating a posture state currently occupied by a
medical patient;

a processor configured to obtain a posture state indica-
tion that is representative of the detected posture state
of the medical patient; and

a user interface configured to present the posture state
indication representative of the detected posture state
currently occupied by the medical patient.
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indication to a user. A posture state indication represents the
current posture state of the patient, which may be a combi-
nation of patient posture and activity. As a patient changes
posture and activity throughout a daily routine, a posture state
detector may generate a posture state value that may be used
to categorize the patient’s posture or posture and activity level
as one of multiple posture states used to adjust therapy. The
posture state may be associated with one of multiple posture
state indications that may be presented to the patient. The
posture state indication shows the patient the posture state
currently detected by the posture state detector. The posture
state indication may help the patient to effectively monitor
therapy changes due to antomatic, semi-automatic or patient-
directed therapy adjustments made as a function of posture
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