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AUTOMATIC VALIDATION TECHNIQUES FOR VALIDATING OPERATION
OF MEDICAL DEVICES

TECHNICAL FIELD
The disclosure relates to medical devices and, more particularly, {0 automatic

validation of medical devices that deliver therapy.

BACKGROUND

A variety of types of medical devices are used for chronic, e.g., long-term,
provision of therapy to patients. As examples, pulse generators are used for chronic
provision of cardiac pacing and neurostimulation therapies, and punmps are used for
chronic delivery of therapeutic agents, such as drugs. Typically, such devices provide
therapy continuously or periedically according to parameters, e.g., 8 program comprising
respective values for each of a plurality of parameters, specified by a clinician.

In some cases, the patient is allowed to activate and/or modify the therapy. For
example, the symptoms, e.g., the intensity of pain, of patients who receive spinal cord
stimulation {SCS) therapy may vary over time based on the activity level or posture of the
pattent, the specific activily undertaken by the patient, or the like, For this reason, a
patient who receives SCS therapy from an implantable medical device (IMI}), e.g., an
implantable pulse generator, is often given a patient programming device that
communicates with his IMD via device telemetry, and allows the patient to activate the
neurostimulation and/or adjust the intensity of the delivered neurostimnulation.

It is advaniageous {o associate patient therapy adjustments with one or more
measuragble parameters, After this association is made, a device may automatically deliver
therapy to the patient according to those adjustiments whenever the one or more parameters
are detected. U.S. Patent Application 11/607,454 entitled “Closed-Loop Therapy
Adiustment” filed December 1, 2006, assigned to the assignee of the current disclosure,
describes techniques for detecting a value of a sensed patient parameter, and automatically
delivering therapy fo a patient according to recorded therapy adjustment information
previously associated with the detected value. According to these techniques, a therapy
adjustment is received from the patient or other user and, in response to the adjustment, a
sensed valoe of a patient parameter is stored with the therapy information determined

hased on the adjusiment. The association may be made automatically or after user
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confirmation. Therapy may then be delivered according to the associated therapy
information whenever the parameter value is subsequently detected. In this manner, as an
example, a medical device that delivers therapy to the patient may “learn” to automatically
adjust the therapy in the manner desired by the patient as the sensed parameter of the

patient changes.

SUMMARY

Technigues for validating operation of a medical device are disclosed. The
technigues may be used to validate operation of a medical device that delivers therapy in a
closed-loop manner in response to patient parameter values that are sensed by a sensor. In
examples described below, the medical device is an implastable medical deviee (IMIDy),
although this need not be the case, and the disclosed technigues may be ased {o validate
other types of medical devices. Additionally, while examples involving medical devices
that deliver electrical stimulation to treat a pain condition are described in detail, other
devices that deliver other tvpes of therapy may usefully emaploy these mechanisms,

According to one example embodiment, the techniques may include a data
collection phase and a validation phase. During the data collection phase, the patient is
outfitted with an external sensor. For instance, the sensor may be carried on a belf or
otherwise affixed to an exterior surface of the patient or to the patient’s clothing. In one
embodiment, this external sensor is a three-axis accelerometer that detects a patient’s
posture state comprising at least one of posture and activity state {(e.g., activity level,
direction of activity, ete.}. The data from this sensor is recorded in the form of patient
parameter values. Patient parameter values may describe, or are indicative, of a posture
state of the patient. The posture state involves at least one of posture and activity level of
the patient.  The recorded patient parameter values may be associated with timestamps.

During this data collection phase, the IMD may be delivering therapy to the
patient. The patient uses a patient programmer to make adjustments to the therapy as
needed. A description of the resulting therapy, including therapy changes occurring
because of patient adjustments, may be recorded. This description may be vecorded by the
patient programmer or another recording device, for example. The recorded therapy

description may be described as therapy parameter values (e.g., stimulation amplhitude,
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stimulation pulse width, electrode configuration, ¢tc.). This description may include
timestamps.

After the therapy description and the patient parameter values are recorded, the two
sets of data may be correlated o one another. This correlation may be performed using
the timestamps, for instance. The correlated data sets may be used to create a test data file
that describes a sequence of patient parameter values {e.g., a description of the sequence of
posture states assumed by the patient, as detected by a three-axis accelerometer) and a
description of the corresponding therapy that was being delivered to the patient while the
patient parameter values were recorded. The test data file may be emploved to
automatically recreate the conditions experienced by the patient during the data collection
process. In particular, the patient parameter values from the test file may be provided {o
an automated device {o control operation of an automated device, which may be a robotic
arm.

While the automated device is controlled by the patient parameter values from the
test file, an IMD affixed to the automated device may be delivering therapy to the patient.
This IMD may be configured to execute a closed-loop control algorithm that adjusts the
therapy in accordance with a sensor that is contained within, or otherwise accessible to,
the IMD. As the automated device re-enacts the posture states, the closed-loop algorithm
controlling the IMD will automatically deliver therapy in response to the posture states.
The therapy parameter values associated with the delivered therapy may be measured and
compared to those recorded during dala collection. A miscompare may indicate that a
potential problem exists with the IMD design. Therefore, a miscompare will be recorded
along with data that may be used by technicians and logic designers to analyze the
miscompare stiuation.

Various methods and techniques for performing asutomated testing and regression
analysis are disclosed herein. These technigues provide a mechanism o very accurately
and automatically reproduce a sequence of conditions to which a medicsl device may be
subjected during therapy delivery. Without this ability, validating that a medical device is
performing as expected, as may be needed atier design changes are made, must be
performed by manually re-creating the sequence of conditions. For instance, a patient may

be required to manually re-enact a series of activities and postures that were previously
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performed over a series of days. Such re-creation is not only very tedious, but is also ervor
prone. Moreover, conducting this type of re-enactment is expensive,

Oune embodiment of the disclosure relates o a method of testing a medical device.
The method includes recording therapy parameter values describing therapy being
delivered to a patient, and recording 8 sequence of patient parameter vahues indicative of at
least one of posture and activity of the patient occurring while the therapy is being
delivered. The method further includes avtomatically reproducing the sequence of patient
parameter values and validating that the medical device is delivering therapy in
accordance with the recorded therapy parameter values. In one example, automatically re-
producing the sequence of pationt parameter values includes attaching the medical device
to an anfomated device, providing the recorded sequence of patient parameter values to
control the automated device, and re-producing, by the automated device, conditions that
resulted in sensing the sequence of patient parameter values. The conditions may result in
ai least one of orienting the medical device in one or more predetermined positions and
exposing the medical device to one or more predetermined activity states. The activity
states are characterized by at least one of activity level, velocity of activity, acceleration of
activity, a direction of velocity or acceleration, or at least one other parameter that
deseribes the activity,

According to another aspect, validating that the medical device is delivering
therapy in accordance with the recorded therapy parameters may comprise delivering, by
the medical device, therapy in response io a closed-loop algorithm. Recording therapy
parameter values may comprise operating a second medical device in response {o an open-
loop algorithm,

Another embodiment provides a system for automatically testing a medical device.
The system includes a therapy delivery module to deliver therapy to a patient according to
therapy parameter values, and a sensor to sense patient parameter values indicative of one
of more posture states assumed by the patient while the therapy is being delivered. The
system alse inchides an automated system coupled to receive the patient parameter values
and the therapy parameter value, to reproduce a sequence of conditions indicated by the
patient parameter values, and to validate that the medical device provides therapy
according o the therapy parameter values while the medical device is subjected to the

reproduced conditions,
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Yet another embodiment involves a system to automatically verify operation of an
implantable medical device. The system includes a first implantable medical device
carried by a patient to deliver therapy to the patient according to therapy parameter values,
and a sensor carried by the patient to sense posture states assumed by the patient during
delivery of the therapy. This systom further comprises an automated device to
automatically re-create the posture states and an sutomated programmer to automatically
gengrate at least some of the therapy parameter values. A second implantable medical
device provides therapy in response to the antomatically-generated therapy parameter
vatues while being subjected to the automatically re-created the posture states. Compare
logic is communicatively coupled to the second implantable medical device to determine
whether the therapy provided by the second implantable medical device is substantially
similar to the therapy delivered by the first implantable medical device.

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

disclosure will be apparent from the description and drawings, and from the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a conceptual diagram illosirating an example system that facilitates
closed-loop therapy adjustment.

FIG 2 is a block diagram illustrating an exarmple medical device that delivers
therapy and provides closed-loop adjustment of the therapy.

FIG 3 is a block diagram tllustrating an example configuration of a memory of the
medical device of FIG. 2.

FIG. 4 is a block diagram iHlustrating an example exiemnal programmer that allows
a patient fo communicate with the medical device of FIG. 2.

FIG. § is a flow diagram illustrating an example fechnique for automatically
associating therapy information with patient parameter values in response to therapy
adjustments.

FIG. 6 is a flow diagram illustrating an example technique for delivering
stimulation according to existing associations of therapy information and parameter
values, and automatically associating existing therapy information with additional patient

parameter values,
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FIG. 7 is a chart illusirating an example patient parameter values {able that may be
used for closed-loop adjustment of therapy,

FIG. 8 is a block diagram illustrating collecting data for use in performing
automated validation of an IMD according to one embodiment.

FIG. 9 15 a block dlagram illustrating one embodiment of sensor logic of FIG. 8.

FIG. 10 is a flow diagram illustrating one method of performing data collection.

FIG. 11 is a block diagram of an automated system that utilizes data collected
according to the techniques described herein to validate operation of an IMD.

FIG. 12 is a block diagram of one system for validating conirol scripts.

FIG. 13 is g flow diagram {llusirating one method of performing data collection.

DETAILED DESCRIPTION

Flectrical stimulation is one example of a therapy that may be delivered in a
closed-loop manner. Electrical stimulation may be, for example, used to treat patients that
suffer from chronic back pain, leg pain, or other pain that cannot be treated through other
methods. As a patient changes posture, the stimulation may need to be adjusted in order to
maintain efficacy. The patient may use a progranumer to manually change one or roore
stirnulation parameters, ¢.g., amplitude, to adjust the therapy in response o the posture
change. Alternatively, the patient may select a new stimulation program that includes new
respective values for each of the stimulation parameters to adjust the therapy.

While manual adjustment of stimulation may be effective, the patient is burdened
by the need to adjust the therapy throughout a daily routine. Thus, an implantable medical
device (IMD) may include, or be coupled {o, one or more sensors that sense a patient
parameter. The IMD may deliver closed-loop therapy based on values of the patient
parameter. The IMD “learns™ to provide this closed-loop therapy based on therapy
adjustments made by the patient. In particular, during a “leaming phase”, the IMD
associates patient parameter values with therapy information (e.g., therapy adjustments}
received from the patient. Later, the IMD may use these associations to automatically
deliver therapy. As the IMD senses patient parameter values, the IMD may automatically
deliver therapy according to therapy parameters that have been previously associated with

the sensed patient parameter values. The patient may rarvely need to manually enter an
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adjustiment to the therapy after a medical device leamns to automatically adjust the therapy
based on sensed patient parameter values,

For example, the IMD may store a table or other data siracture that containg
records, where each record contains therapy information associated with a respective value
of a patient parameter. The IMD may automatically update the table in response to a
therapy adjustment from the patient, or may update the table afier receiving confirmation
that the adjusted therapy 1s desired. The IMD may update the program table after every
adjustment input from the patient, after a complete therapy adjustment that includes a
number of inputs, or pertodically during therapy.

During design and test of the IMI, and as changes are made to the design of the
IME3, it is necessary to validate that the IMD is indeed delivering the appropriaie level of
therapies as determined by a closed-loop algorithm. To do this, it is helpful to subject the
IMD to sequence of conditions that is known to have previously resulied in generation of
therapy by the IMD in a predetermined manner. When the IMI is re-exposed to a same
sequence of conditions, the resulting therapy generation may then be compared (o the
expected therapy to determine whether the IMD design is currently responding as
expected.

One way to subject the IMD {o a sequence of conditions is to use manual
intervention. For instance, a patient may be required to re~enact a sequence of activities
and postures that were previcusly enacted and that were known to result in therapy
delivery in an expected manner. During this re-enactment, therapy delivery by the IMD
may be compared to the expected therapy delivery to detect differences. A change in the
way the IMD e reacting to a sequence of conditions may indicate that a design change has
unexpectedly altered the way the IMID is responding.

Several problems exist with requiring the tyvpe of manual re-enactment of
conditions in the manner described above. First, in the scenario wherein the conditions
involve posture states, re-enactment generally requires that the patient re-perform each
posture and/or activity that was undertaken during the learning phase. This may be time-
consuiming and tedious for the patient. Moreovey, it will likely be difficult for g patient to
precisely re-enact each movement in the way it was originally performed. This may result
in differences in posture and/or activity level which may, in turn, alter the therapy that is

automatically delivered by the IMD. Additionally, ensuring that the patient is accurately
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re-enacting each posture state using the same timing as previously used is difficalf. Sucha
re-enactment is time-consuming and expensive to conduct.

In accordance with the foregoing challenges, the current disclosure provides
technigues for antomatically re-enacting a sequence of conditions. This type of re-
enactment may be useful for regression testing after design changes are made. This type
of re-enactment is also useful when implementing new functionality, as when a new
closed-loop algorithm is being incorporated into an IMD. In this case, it may be useful to
implement that algorithm in stages such that at first, the algorithm is implemented using an
external programmer, such as a paticnt programmer, and an external sensor. Later, after
the algorithm is verified, the algorithm can be incorporated into the IMD. At that point, it
is necessary to perform testing to ensure that the IMD s performing as expected using the
algorithm. Techniques for addressing these, and other, types of test and design validation
scenarios are disclosed.

According to one embodiment, the automated system for re-enacting patient
conditions is an gutomated device such as robotic arm that subjects the device to positions
and levels of movement in a manper consistent with a sequence of posture states recorded
during a previous learning, or data collection, phase. In particular, according to this
ermnbodiment, the automated device is capable of positioning the device in any position
within three-dimensional space. This positioning capability thereby mimics any posture
that a patient may assume. The automated device is further capable of generating
movement while the device is in a given position. This movement may be generated
according to an activity parameter that may be associated with acceleration, velocity or an
activity level, for instance. This is discussed further below.

As previeusly mentioned, the current techniques may comprise two phases: a data
collection phase and a validation phase. During the data collection phase, the patient is
outfitted with an external sensor. For instance, the sensor may be carried on a belt or
otherwise affixed to an exterior surface of the patient or to the patient’s clothing. In one
embodiment, this external sensor is a three-axis accelerometer that detects a patient’s
posture and an activity parameter {e.g., activity level). The data from this sensor is
recorded in the form of patient parameter values. For purposes of the disclosure, patient

parameter values describe, or are indicative, of a posture state of the patient. The posture
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state involves at least one of posture and activity level of the patient. The recorded patient
parameter values may be associated with timestamps.

While the external sensor 18 recording patient parameter values in the foregoing
manner, the IMD delivers therapy to a patient. The patient may control this therapy by
using 4 patient programmer. For instance, as the patient fransitions from g sitling position
to a standing posture, or from a stationary state to an active state, the patient may
experience a heightened level of pain, As such, the patient may use the patient
programmer to incrementally increase the amplitude of electrical stimulation that is being
delivered by the IMD. Such a change may be requested by the patient in anticipation of
the posture state fransition, during that transition, or sometime after the transition is
completed, In a similar manner, the patient may desire to decrease therapy levels, as may
ocenr if a patient fransifions from an upright state to a reclining posture,

As the patient uses the patient programmer to modify parameters that control
therapy, a description of the delivered therapy is recorded. The therapy description may be
gxpressed in terms of therapy parameter values, which are those parameters that control
and adjust delivery of therapy. For electrical stimulation therapy, therapy parameter
values may include, for example, current or voltage stimulation amplitude, pulse width,
pulse shape, pulse frequency, duty cycles, slectrode polarities and configurations, a
description of field strength, a description of the programs used o control therapy, and any
other parameter or descriptor that describes and/or controls how therapy is being
delivered. For other therapics, other types of parameters may be included in this
description. For instance, a rate of flow or a bolus of a substance may be recorded for a
therapy involving delivery of a substance to a patient.

The description of the delivered therapy may be recorded by the patient
programumer or ancther device associated with this programmer. The recorded therapy
description may be recorded in any type of format. For instance, delta values may be
recorded that indicate changes reflected by therapy adjustments {e.g., a requested increase
in stimulation by 0.2V}, By recording an initial therapy level and one or more such delta
values, the sequence of therapy adjustinents may be reconstructed. Similarly, the recorded
description may describe therapy adjustments in terms of normalized values {e.g., a 10%
decrease in amplitude, ete.). Alternatively or additionally, absohute values may be

recorded, such as resulting stimulation levels {e.g., 5.0 V). Any one or more of these, or
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other types, of descriptions may be recorded to describe the delivered therapy. The
recorded data may include timestamps.

In one embodiment, recording of a therapy description may optionally also be
performed by the IMD itself. For instance, the IMD may have a measurernent module that
determines the manner in which therapy is being delivered to 8 patient. A description of
this measured therapy may be stored within the IMD.  If the system is operating properly,
any description recorded by the IMI} should correspond with the data that is being
recorded by the patient programmer or an associated device.

If the medical device includes a sensor, the IMD may further record sensor data. It
the IMD sensor is of a same type as the external sensor wom by the patient, the sensor
data recorded by the medical device may be compared to the data collected by the external
sensor. This comparison may be used to determine whether both sensors are operating
properiy.

Manual data collection may also be performed during the daia collection phase if
desired. For instance, the patient may be asked to manually record patient parameter
values associated with conditions the patient is experiencing. In the current example, the
patient parameter values may indicate posture state changes {e.g., iransitioning from lying
to standing, or from stationary (o active). Such parameter values may be recorded 1n an
eDiary, which may be a personal data assistance (PDA), palm pilot, some other type of
handheld electronic device, a laptop computer, an audio and/or video recording device, or
some other device to record this information. Such data may inchude one or more
timestamps, for instance. The patient may further be asked to use the eDiary to record any
therapy adjustments reguested by patient via the use of patient programmer.

Data collection will continue in the foregoing manner for a predetermined period
of time {e.g., three days} for a particular patient. Thereafier, some of the various types of
data that were collected during this period are correlated to one another to create a test
data file. For example, the patient parameter values sensed by the external sensor {e.g.,
posture and/or activity fevel} may be correlated with a description of the therapy that was
being delivered to the patient af substantially the same time. The correlations between
patient parameter values and the therapy parameter values may be created using the stored
timestamps. Alternatively, in an embodiment wherein data is collected at regular known

time intervals (e.g., every three seconds), the order in which the records are created may
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be used to make the correlations between the patient parameter values and the therapy
parameter values.

After the patient parameter values are associated with therapy parameter values in
the above-described manner, the resulting test data file describes a sequence of patient
parameter values {¢.g., a description of the sequence of posture states assumed by the
patient, as detected by a three-axis accelerometer) and the corresponding therapy that was
being delivered to the patient while the patient parameter values were recorded. The
recorded therapy parameter values will describe any changes in therapy that occurred over
time in response to patient-specified therapy adjustments,

If desired, the eDiary eniries entered by the patient may be used to validate patient
parameter values recorded from the external sensor. For instance, posture states recorded
in the eDiary in conjunction with time stamps are used to validaie accuracy of the posture
states indicated by the patient parameter values sensed by the external sensor. A further
validation may compare patient parameter values sensed by any internal sensor of the
medical device with those sensed by the external sensor. This additional validation step
may be used to verify proper operation of any internal sensor included within the IMD,
assurning proper operation of the external sensor has already been confirmed.

Next, a validation phase may be entered wherein the test data file may be used to
automatically recreate the conditions experienced by the patient during the data collection
phase. In particular, the patient parameter values from the test file may be provided to an
autornated device, either divectly as raw data or in the form of processed data, such as via
test scripts. In either case, the patient parameter values are used to control operation of an
automated device, which may be a robotic arm.

As an example of the foregoing, the raw data may include a series of accelerometer
readings that each comprises at least one of a vector in three-dimensional space and an
activity level. This raw data may be provided o a robotic arm to cause the robotic arm o
transition through a series of motions corresponding to the postures and activity states
{e.g., activity levels) assumed by the patient during data collection. This re-creation of the
posture states expertenced by the patient during data collection may occur in real-time.
That is, the re-creation may occur over the same time period and at the same speed as the

posture state transitions were performed by the patient during data collection.
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Druring this validation phase, an IMD that is similar to that which delivered therapy
to the patient during data collection is affixed to the automated device in a predetermined
manner. Unlike the IMD used during data collection, however, the IMD used during
validation will execute a closed-loop control algorithm that adjusts therapy in accordance
with a sensor that is contained within, or otherwise accessible to, the IMD, As the
automated device re-engcts the posture states in the manner described above, the closed-
loop algorithm controlling the IMD will autorsatically deliver therapy in response to the
posture states. The therapy parameter values associated with the delivered therapy may be
measured and compared to those recorded during data collection. A miscompare may
indicate that a potential problem exists with the IMD design. Therefore, a miscompare
will be recorded along with data that may be used by technicians and logic designers to
analyze the miscompare situation,

According to another aspect of the disclosure, at least some of the time whena
miscompare resulis, control scripts may be used to prompi an sutomated programuner o
issue a therapy adjustment command fo the IMID). This should, in turn, prompt the IMD to
adjust therapy according to the levels recorded during the data collection phase. This
therapy adjustment may be verified by measuring the resulting therapy pavameter values
and comparing them against those that were obtained during the data collection phase.
This validates the ability of the IMD {o respond to changes in the closed-loop operation.

In one embodiment, during data validation, the IMD is pre-loaded with a table or
other data structure that stores the correlations between therapy parameter values and
patient parameter values that are discussed above. These correlations are formed using the
valtues recorded during the data collection phase. This table is used to facilitate closed-
loop operation during data validation.

In another embodiment, the IMD develops the table of data used to facilitate
closed-loop operation at the start of the data validation phase. In particular, the table is
populated using therapy parameter values that are provided to the IMD from data collected
during the data collection phase. These values may be communicated to the IMD via an
automated programmer that operaies under the control of controls seripts. Onceso
populated, this table is used by the IMD to control the closed-loop operation during the

data validation phase.
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As discussed above, during the validation phase, the antomated device is
automatically re-creating a sequence of conditions {e.g., postures and/or activity states)
that occurred during the data collection phase. This is done by providing the patient
parameter values collected from the externally-worn sensor o the automated device.
According to another aspect of the disclosure, a technique is provided to verify that this
recreation is occurring accurately. This involves affixing a sensor to the automated device
that is the same as, or similar to, that used as the external sensor during data collection.
This sensor may be calibrated such that a predetermined sensor reading is obtained when
the automated device is generating a corresponding calibration condition {e.g., is oriented
in a predetermined manner and/or moving in a predetermined manner). Onee so affixed
and calibrated, the patient parameter data collected during the collection phase may be
used to control the automated device. When this occurs, the sensor affixed to the
automated device detects a sequence of patient parameter values describing the re-created
sequence of conditions. This sequence of patient parameter values obtained while re-
creating the sequence of conditions (e.g., the posture state transitions) is compared to the
sequence of patient parameter values used to control the automated device. The two
sequences should be approximately the same. Significant discrepancies may indicate a
design problem with control of the automated device. Such problems must be resolved
prior to performing validation of the medical device in the manner described above.

It will be recognized that while one embodiment of the disclosed mechanisms that
is described in detail below relates to the delivery of electrical stimulation therapy, other
embodiments are possible. For instance, the disclosed mechanism may be used to validate
a device that delivers a drug or other substance to a body in a manner that changes based
on conditions to which an IMD is subjected. The disclosure may likewise be used to
validate any other type of IMD that delivers another type of therapy, including light,
motion, and/or sound in a closed-loop manner.

FIG. 1 is a conceptual diagram illustrating an example system 10 that facilitates
closed-loop therapy adjustment. In the illustrated example, system 10 includes an
IMD 12, which is implanted within, and delivers neurostimulation therapy to, patient 14.
In exemplary embodiments, IMD 12 takes the form of an implantable pulse generator, and
delivers neurostimulation therapy to patient 14 in the form of electrical pulses. It will be

understood that IMDs configured in a manner other than that shown in FIG. 1 and/or that
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deliver other types of therapy may be usefully employed with the validation technigues
described herein, and FIG. | is merely exemplary.

IMD 12 delivers neurostimulation therapy o patient 14 via leads 16A and 16B
{collectively “leads 16™). Leads 16 may, as shown in FIG. 1, be implanted proximate to
the spinal cord 18 of patient 14, and IMD 12 may deliver SCS therapy to patient 14 in
order to, for example, reduce pain experienced by patient 14, In other configurations, one
or more leads 16 may extend from IMD 12 to the brain (not shown} of patient 14, and
IMD 12 may deliver deep brain stimulation (DBS) therapy to patient 14 to, for example,
treat tremor, Parkinson’s disease, or epilepsy. As further examples, one or more leads 16
may be implanted proximate to the pelvic nerves (not shown)}, stormach (not shown}, or
sexual organs (not shown) and IMD 12 may deliver newrostimulation therapy to treat
incontinence, gastroparesis, or sexual dysfunction. IMD 12 may additionally or
alternatively be coupled to one or more catheters to deliver one or more therapeutic
substances to patient 14, ¢.g., one or more drugs.

In exemplary embodiments, IMD 12 delivers therapy according to one or more
programs, A program includes one or more parameters that define an aspect of the
therapy delivered by the medical device according to that program. For example, a
program that controls delivery of stimulation by IMD 12 in the form of pulses may define
a voltage or current pulse amplitude, a pulse width, a pulse shape, an electric field and/or a
pulse rate, used to deliver energy to tissue according to that program. Further, each of
feads 16 may carry electrodes {not shown in FIG. 1}, and the parameters for a program that
controls delivery of stimulation therapy by IMD 12 may include information identifying
which electrodes have been selected for delivery of pulses according to the program, and
the polarities of the selected electrodes, i.e., the electrode configuration for the program,
Programs that control delivery of other therapies by IMD 12 may include other
parameters. For example, a program that controls delivery of a drug or other therapeutic
agent may include a tifration rate or information controlling the timing and/or size of bolus
deliveries.

As discussed above, in one embodiment, IMD 12 may deliver therapy to patient 14
according to therapy information within a record. A plurality of records may be stored in
a table or other data structure. This structure may be continually updated as associations

are formed between therapy information {e.g., therapy parameter values) and patient
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parameter values during a “learning” process. Each record includes at least one sensed
patient parameter value (e.g., a sensed value thal indicates patient posture or activity}.

This value may be associated therapy information. The therapy information may comprise
a complete program that IMD 12 uses to deliver therapy, one or more therapy parameter
values, or absolute or percentage adjustments for one or more parameters. When IMD 12
later detects a value of a patient parameter that was previously stored and associated with a
therapy adjustraent, IMD 12 may gutomatically adjust therapy as indicated by the therapy
information in the record for the patient parameter value, e.g., by delivering therapy
according to the program in the record, or by adjusting one or more parameters as
indicated by the therapy information in the record.

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

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

In exemplary embodiments, programming device 20 is a patient programmer used
by patient 14 to control the delivery of neurostimulation therapy by IMD 12, Patient 14
may use programming device 20 to activate or deactivate, e.g., start or stop,
neurostimulation therapy. Patient 14 may also use prograraming device 20 to adjust the
therapy. For example, a patient may use programming device 20 to select one or more
programs from among a plurality of stored programs. The selected program is then used
by IMD 12 to deliver therapy. This may occur, for example, when patient 14 switches
from one program o another using programming device 20. The programs may be stored

by IMD 12 or patient programmer 20, Further, patient 14 may also use programming
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device 20 to adjust therapy by adjusting one or more stimulation parameters such as, but
not imited to, the amphitude, width, rate, field shape, pulse shape, and/or duty cvcle of
delivered stimulation for the one or more programs.

Patient 14 may provide a number of consecutive inputs o adjust the therapy
information. These consecutive inputs may be described singly as a “therapy adjustment.”
Programming device 20 and IMD 12 may treat all consecutive inputs as an adjustment
before acting on the changes. Each input may only be separated by a pre-defined time
delay, or all inputs may occur within a predefined thme period, {o treat the inputs as one
adjustiment.

When patient 14 adjusts one or more stimulation parameters, and/or switches
programs, IMD 12 defects a value of a sensed patient parameter, and associates therapy
information with the detected value. In some embodiments, IMD 12 stores the associated
parameter value and therapy information as a record within a table or other data siructure.
This type of information may subsequently be used to control IMD 12 in a closed-loop
manner. I an existing record already contains the same patient parameter value as is
currently sensed by the system, IMD 12 may modify the existing record to include new
therapy information based on the patient adjustment. Otherwise, IMD 12 may add a new
record with the associated patient parameter value and therapy information.

In some embodiments, the data structure containing the above-described
associations may be maintained by, and stored in, programming device 20 instead of
IMD 12, Accordingly, one or both of IMD 12 and programming device 20 may provide
closed-loop adjustment of the therapy delivered by IMID 12, In embodiments in which
programming device 20 maintains the data structure, the programming device may receive
therapy adjustments from patient 14 via user interface components such as display 22 and
keypad 24. In such embodiments, programming device 20 may include sensors that sense
the patient parameter, or may receive values of the patient parameter from IMD 12,
Programrng device 20 may send commands to IMD 12 based on therapy information
stored in the data structure to effect closed-loop delivery of therapy.

fn response to recetving a therapy adjustment from patient 14, e.g., via
programming device 20, IMD 12 detects a value of a sensed patient parameter, and
associates therapy information with the value. The sensed parameter value may be an

activity and/or posture of patient 14, and the therapy information may include the therapy
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parameters currently used, or adjustments to such parameters yoade, at the time the sensed
patient parameter value was detected. In exemplary embodiments, IMD 12 continually
“learns” such associations, e.g., by updating the applicable table or other data structure.
Closed-loop delivery of therapy by IMD 12 based on the associations of therapy
information with sensed patient parameter values may eventually eliminate the need for
patient 14 to manually adjust therapy parameters.

For example, patient 14 may adjust the amplitude of stimmulation, which may
indicate that the original program was inadequate o {reat the patient because of a change
of symptoms. The change in symptoms may be correlated with a change in a sensed
patient parameter. For example, both of these changes may be due to the patient
undertaking an activity or posture, such as running, golfing, taking medication, sleeping,
sitting, bending over, transitioning from sitting to standing, or some particular activity or
posture related to an occupation of patient 14, IMD 12 may associate therapy information
determined based on the received therapy adjustment with a value of a patient parameter,
e.2., an activity, activity level, or posture, that is sensed at the time of the therapy
adjustment by a sensor.

In some embodiments, a user other than patient 14 may user programimer 20, or
another programming device that may or may not be associated with patient 14, to adjust
therapy for patient. The therapy adjustments made by another user may result in updating
the table or other data structure with a new or modified association of a therapy parameter
value with a patient parameter value.

Further, in some embodiments, IMID 12 may also monitor the sensed patient
parameter, and create additional associations between patient parameter values and
existing therapy information, without receiving any therapy adjustment from patient 14.
In particular, when the sensed patient parameter value has changed without a therapy
adjustment, IMD 12 may automatically associate the patient parameter value with therapy
information determined based on the current, unadjusted therapy parameters. In some
embodiments, IMI} 12 may only make such an automatic, non-adjustment based
association if the sensed patient parameter value has changed by a threshold or
“resolution” value, which may be for example an absolute or percentage value,

The resolution value for the sensed patient parameter may conirol the size and

resolution of a data structure that stores associations between values of the patient
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parameter and therapy information; whether the associations are made based on a therapy
adjustment or not. The resolution value may be set by, for example, by a manufacturer of
IMI» 12 or a clinician, and controls difference in the parameter value that IMD 12
identifics as being significant enough fo update the data structure, 1f the resolution value
is sef 1o a high value, the data structure may include a greater number of records, each with
respective values for the patient parameter. A high resolution value may accordingly
provide more stimulation control. Alternatively, the resolution value may be set to a low
value to limit the number of records in the data siracture, which would also result in less
frequent therapy adjustments. In some embodiments, IMD 12 may increase the resolution
value if existing records are frequently being modified or overwritten, e.g., in response {o
frequent therapy adjustments by the patient or other user. This occurrence may indicate
that patient 12 or other user needs a higher level of control of adjustments to stimulation
therapy.

A sensor used to sense patient parameters may be implanted at a site within
patient 14, worn on the exterior of the patient, or located within IMD 12, An example
sensor 1s a three-axis accelerometer located within IMD 12, Patient parameter values
detected by IMD 12 based on the signals generated by such a sensor may correspond to an
activity and/or posture undertaken by patient 14, Signals related (o activity may describe a
gross level of physical activity such as activity counts based on footfalls or the like, an
activity vector in three-dimensional space indicating direction of velocity or acceleration,
et

As one example, a three-axis accelerometer may provide a signal that imnclodes both
a DC and an AC component. The IC component indicates the orientation of the
accelerometer within the earth’s gravitation field. Assuming the accelerometerisina
fixed known position in relation to the patient’s body, the DC component of the
accelerometer measurement may be used to determine a posture of a patient. In particular,
the DC component of the accelerometer may be expressed as a vector in three-dimensional
space. By comparing this vector to vectors that have been used to define known postures,
a pationt’s posture may be classified as one of the known postures, or alternatively
classified as being “not classified”.

Similarly, a signal provided by an accelerometer may also inclade an AC

component that may be used to determine and classify a patient’s activity, including the
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activity level, velocity and/or acceleration of the patient’s motion, a direction of the
velocity and/or direction of acceleration associated with the motion, ete.

In this manner, a three-axis accelerometer signal may be used to classify a patient’s
posture state as well as changes in that posture state, where a posture state includes at least
one of a posture and an activity level parameter. Techniques for detecting and classifying
posture states are described in commonly-assigned patent applications entitled “Posture
State Classification for a Medical Device”, Serial Nos. 12/433,004 and 12/432,993, both
filed April 30, 2009,

As an example of use of a three-axis accelerometer signal, IMD 12 may record the
accelerometer signal, which is then associated with a therapy adjustment that is received
contemporaneously with receipt of the accelerometer signal. When IMD 12 later detects
the same output from the accelevometer, e.g., when patient 14 is again in a same position
as when the signal was recorded, IMD 12 may auntomatically deliver therapy appropriate
for that position.

By providing therapy adjustments avtomatically, IMD 12 may allow patient 14 to
avoid having to manually adjust the therapy each time a particular pationt parameter value
occurs, €.2., sach time the patient engages in a particular activity, activity level or posture.
Such manual adjustment of stimulation parameters can be tedious, reguiring patient 14 1o,
for example, depress one or more keys of keypad 24 multiple times during the patient
activity to maintain adeguate symptom control. Instead, when closed-loop therapy is
delivered, patient 14 may eventually need to manually adjust stimulation therapy rarely, if
at all, once IMD 12 has compiled a comprehensive program table.

As may be appreciated, the automated delivery of therapy in a closed-loop manner
must, at some point, be vahidated. This validation process is necessary to ensure that
therapy selected by the patient is indeed being delivered in response to detected conditions
that are the same as those recorded during a learning period. Generally, this type of
validation may be performed during design testing and implementation. As discussed in
detail below, techniques are provided for automatically performing this validationin a
manner that is accurate, efficient, cost effective, and reproducible.

FIG 2 18 a block diagram illustrating IMD 12 in greater detail. IMD 12 may
deltver neurostimulation therapy via electrodes 30A-I¥ of lead 16A and electrodes 30E-H

of lead 168 {collectively “electrodes 307}, Electrodes 30 may be ring electrodes or some
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other type of electrodes. The configuration, type and number of electrodes 30 illustrated
in FIG 2 are merely exemplary. For example, IMD 12 may be coupled to one lead with
eight, or some other number, of electrodes on the lead. Alternatively, IMD 12 may be
coupled to more than two leads.

Electrodes 30 are electrically coupled via leads 16 fo a therapy delivery module 32,
which may be a stimulation pulse generator. Therapy delivery module 32 may, for
example, include an output pulse generator coupled to a power source such as a battery.
Therapy delivery module 32 may deliver electrical pulses to patient 14 via at least some of
electrodes 30 under the control of a processor 34.

Processor 34 may countrol therapy delivery module 32 to deliver newrostimulation
therapy according fo a selected program. Specifically, processor 34 may control therapy
delivery module 32 to deliver electrical pulses with the amplitudes and widths, and at the
rates specified by the program. Processor 34 may also control therapy delivery module 32
to deliver the pulses via a selected subset of clectrodes 30 with selected polarities, ¢.g., 2
selected electrode configuration, as specified by the program.

Processor 34 may also control therapy delivery module 32 to deliver the
neurostimulation therapy aecording to records stored within a table or other data structure,
as described above. Processor 34 may create and modify this table during a learning
period, and at time thercafier as determined by a closed-loop therapy delivery algorithm.
Specifically, processor 34 may receive a therapy adjustment from a user, such as
patient 14, detect a patient parameter value, and associate therapy information with the
patient parameter value by creating or moditying a record within the data structure, as
described above.

Processor 34 may subsequently detect previously-recorded patient parameter
values, and control therapy delivery module 32 to deliver therapy via at least some of
glectrodes 30 as indicated by the associated therapy information. For example,
processor 34 may control therapy delivery modude 32 to deliver stimulation pulses with
the amplitude, width, rate, shape, and/or electrode configuration indicated by the therapy
information, o, in some embodiments, may control therapy delivery module 32 to adjust
the amplitude, width, and/or rate over time as indicated by the therapy information.

IMD 12 may also include a telemetry circuit 38 that allows processor 34 {o

conymumnicate with programming device 20. Processor 34 may receive program selections,

28



10

15

20

Fod
o

36

WO 2010/033366 PCT/US2009/055204

therapy parameter adjusiments, or other therapy adjustments, as well as commands to
initiate or torminate stimulation, from a user, e.g., patient 14, This information may be
received from programming device 20 via telemetry cireuit 38,

In some embodiments, processor 34 alse communicates with a clinician
progravamer to provide diagnostic information and validation data stored inmemory 36 fo
a clinician via telemetry circuit 38. The clinician programmer may operate similarly to
programmer 20, but the clinician programmer may be more fully featured, e.g., provide
greater control of or interaction with IMI? 12, than programming device 20. Telemetry
circuit 38 may correspond to any telemetry circuit known in the implantable medical
device arts,

In exemplary embodiments, as described above, IMD 12 includes at least one
sensor 40 that senses a patient parameter, Processor 34 detects values of a patient
parameter based on one or more signals generated by sensor 40, Sensor 40 maybea
sensor that generates an output based on activity (activity level and/or direction), posture,
and/or one or more physiclogical parameters of patient 14, as discussed above. In
exemplary embodiments, sensor 40 is a three-axis accelerometer, such as g piezoelectric
and/or micro-electro-mechanical accelerometer. In other embodiments, a single-axis
accelerometer may be employed, or mmltiple single-axis accelerometers may be used in
place of one three-axis accelerometer. For instance, IMD 12 may include multiple sensors
oriented along various axes,

{n some embodiments, processor 34 processes the analog ouniput of sensor 40 to
detenmine activity and/or posture information. For example, where sensor 40 comprises a
nhicro-electro-mechanical accelerometer, processor 34 may process an AC component of
the raw signal provided by sensor 40 to determine activity counts of the system, which
may be indicative of footfalls, for instance. As another example, processor 34 may
process the AC signal component {o determine velocity or acceleration of motion along
one or more axis. A DC component of the sensor signal may be used to derive posture, as
discussed above.

Although illustrated in FIG. 2 as including a single sensor 40, other configurations
may inchide any number of sensors (hereinafter “sensor 407). Moreover, in exemplary
embodiments, sensor 40 is housed within a housing {not shown) of IMD 12, In other

configorations, one or more sensors may be coupled to IMD 12 vig additional leads 16
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{not shown)}. Such sensors may be located anywhere within patient 14, For instance,
IMD 12 may be coupled fo multiple accelerometer sensors located at various positions
within patient 14 or on the external surface of patient 14, and processor 34 may receive
nore detailed information about the posiure and/or activity undertaken by patient 14. For
example, accelerometer sensors may be located within the torse and at g position within a
timb, ¢.g., a leg, of patient 14.

Sensor 40 may communicate wirglessly with IMD 12 instead of requiring a
physical connection with the IMD. For example, a sensor located external to patient 12
may communicate wirelessly with processor 34, either directly or via programming
device 20, In some embodiments, one or more sensors may be included as part of or
coupled to programming device 20,

The exemplary system of FIG 2 further includes processor 34, which may
comprise a microprocessor, a controller, a digital signal processor (D3P), an application
specific integrated circuit (ASIC), a fleld-programmable gate array (FPGA), discrete logic
circuitry, or the like. IMD 12 also includes a memory 36, which may include programmed
instructions that, when executed by processor 34, cause IMD 12 {o perform the functions
ascribed to IMID 12 herein. Memory 36 may include any volatile, non-volatile, magnetic,
optical, or electrical media, such as a random access memory (RAM), read-only memory
{(ROM}, non-volatile RAM (NVRAM), electrically-erasable programmable ROM
{EEPROM), flash memory, and the like.

IMID 12 may further include a measurement module 42 to determine the therapy
that is being delivered by therapy delivery module 32, For instance, measurement
module 42 may be used to record amplitude, frequency, duty cycle, shape, the field
generated, electrode usage, and other parameters associated with therapy delivery. Such
measurement may be performed by voltage and/or current detection circuits, A/D
converters, and other logic circuits used to detect and digitize electrical signals,
Additionally or alternatively, measurement module 42 may include circuits for reading
registers of therapy delivery module 32 to determine how therapy is being delivered by
therapy delivery module 42. These measured and/or retrieved values may be recorded
within memory 36 and provided by telemetry circuit 38 to an exiernal device such as a

clinician or laboratory programmer in a manner to be discussed below.
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FIG 3 is a block diagram illustrating an exemplary configuration of memory 36 of
IME 12, Ag iliustrated in FIG. 3, memory 36 stores programs 5{, one or more of which
processor 34 (FIG. 2) may select to control delivery of stimulation by therapy delivery
modale 32, as described above. Each of the programs incluodes respective values fora
plurality of therapy parameters, such as pulse amplitude, pulse width, pulse rate, and
electrode configuration, as described gbove. Processor 34 may select one or more
programs based on input or commands received from patient 14 via programming
device 20 and telemetry circuit 38, Programs 50 may have been generated using a
clinician programmer, e.g., during an initial or follow-up programming session, and
received by processor 34 from the clinician programmer via telometry circuitry 38, In
other embodiments, progranuning device 20 stores programs 50, and processor 34 receives
selected programs from programming device 20 via telemetry circuit 38,

In some embodiments, memory 36 also stores an indication of the current therapy
parameters 52 used by processor 34 {o control delivery of stimulation by therapy delivery
module 32, Current therapy parameters 52 may identify the one or more selected
programs, or may reflect modifications to one or more therapy parameters of the one or
more programs based on patient adjustment. Further, processor 34 may determine current
therapy parameters 52 based on therapy information associated with a detected value of a
sensed patient parameter, as described herein.

As described above, patient parameter values table 54 comprises a plurality of
records that each includes at Icast one respective value of a patient parameter and
associated therapy information. When therapy is first initiated, table 54 may be empty. As
therapy progresses during a learning phase, processor 34 creates records, by associating
therapy information with patient parameter values, and stores them in table 54. Ifa
therapy adjustment causes processor 34 to wdentify a sensed patient parameter value that is
substantially identical to, or within an allowable tolerance of| a patient parameter value for
an existing record, processor 34 modities the existing record based on new therapy
information in order to keep updated therapy information available for stimulation therapy.
In this manner, IMD 12 is capable of adapting to changes in patient physiology during the
therapy. For instance, patient parameter values stored in table 54 may include the raw
output of sensor 40, which may be an aceelerometer, Additionally, or alternatively, the

parameter values could include processed signal data obtained via hardware processing,
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software processing, or some combination thereof, If the sensor is an accelerometer, the
processed signal data may include an AC signal component, a DC signal component, a
posture clagsification, an activity level, and/or some other indication of activity of the
patient.

Processor 34 may also collect diagnostic information 56 that is then stored within
memory 36 for future retrieval by a clinician. Diagnostic information 56 may, for
example, include selected recordings of the ouiput of sensor 40 and/or of therapy changes
made by patient 14. In exemplary embodiments, diagnostic information 56 may 1nclude
information identifving the time at which patient sepnsor outputs occurved. Diagnostic
information 56 may include other information or activities indicated by patient 14 using
programming device 20, such as changes in symptoms, taking medication, or other
activitics undertaken by patient 14,

A clinician programming device (not shown in the figures} may present diagnostic
information 56 to a clinician in a variety of forms, such as timing diagrarns, or a graph
resulting from statistical analysis of diagnostic information 56, e.g., a bar graph.
Diagnostic information 56 may also inclade calibration routines for sensor 40 and
malfunction algorithms to identify stimulation or control dysfunctions.

FIG. 4 is a block diagram further iHustrating programming device 20, As indicated
above, in exemplary embodiments programming device 20 takes the form of a patient
programming device used by patient 14 to control delivery of therapy by IMD 12,

Patient 14 may interact with a processor 60 via a user interface 62 in order to control
delivery of neurostimulation therapy, e.g., provide patient therapy adjustments, as
described herein. User interface 62 may inclode display 22 and keypad 24, and may also
include a touch screen or peripheral pointing devices as described above. Keypad 24 may
include an increase amplitude button and a decrease amplitude button. Processor 60 may
also provide a graphical user interface {GUI) to facilitate interaction with patient 14.
Processor 60 may include a microprocessor, 8 controller, a ISP, an ASIC, an FPGA,
discrete logic circuitry, or the hike,

Programming device 20 also includes a telemetry circuit 64 that allows
processor 60 to communicate with IMD 12, In exemplary embodiments, processor 60

communicates commands, indications, and therapy adjustments made by patient 14 via
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user interface 62 to IMD 12 via telemetry cireuit 64, Telemetry circuit 64 may correspond
to any telemetry circuit known in the implantable medical device arts.

Programming device 20 also includes a memory 66. In some embodiments,
memory 66, rather than memory 36 of IMD 12, may store programs 50 and table 54 to
control delivery of neurostimulation therapy. Memory 66 may also include program
mnstructions that, when executed by processor 60, cause programming device 20 io
perform the functions aseribed to programming device 20 herein. Memory 66 may
include any volatile, non-volatile, fixed, removable, magnetic, optical, or electrical media,
such as 2a RAM, ROM, CD-ROM, hard disk, removable magnetic disk, memory cards or
sticks, NVRAM, EEPROM, flash memory, and the like,

FIG. 5 is a flow diagram illustrating an example technique for automatically
associating therapy information with patient parameter values in response to patient
therapy adjustments. More particularly, FIG 5 illustrates an example technique for
updating a program table following therapy adjustments by patient 14, The tllustrated
technique may be performed by a medical device, such as IMD 12, and will be described
with reference to IMD 12 and system 10,

Druring therapy, processor 34 of IMD 12 receives a therapy adjustment from
patient 14 via programmer 20, e.g., an amplitude adjustment (70). Processor 34
determines therapy information, such as the amount or percentage of the amplitude
adjustment, the adjusted value of the amplitude, or respective values for a plurality of
therapy parameters including the adjusted amplitude value, based on the therapy
adjustment. Processor 34 also identifies a current value of a patient parameter, such as
posture or activity, based on a signal generated by sensor 40 (72).

Processor 34 determines whether any of the records in table 54 already include or
encompass the identified patient parameter value (74). If the patient parameter value is
already in an existing record of table 54, processor 34 modifies, or in some cases, adds to,
the existing record based on the newly determined therapy information (76). Otherwise,
processor 34 may euter a new record including the identified patient parameter value and
the determined therapy information into the table 54 (78). The determination of whether a
value of the sensed patient parameter is included in or encompassed by a record already in

table 54, e.g., whether the value is substantially equivalent to an existing value, may
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depend on the resolution value for the sensed parameter, which was discussed above with
veference to FIG 1.

In some cases, the therapy adjustiment received frovo patient 14 may be one oy
more inputs or a command that stops delivery of therapy. Such an adjustment indicates
that the current therapy parameter values 52, whether they were determined based on a
program 30 or therapy information from table 54, were inappropriate for the current
condition of patient 14. The current condition of the patient is reflected by the current
value of a sensed patient parameter. As an example, the patient may stop therapy if it
becomes oo intense when & particular posture such as lying down is assumed.

In response to such a therapy adjustment, processor 34 may remove any current
association between the current value of the sensed patient parameter and therapy
information, e.g., delete any record in table 54 for the current value of the sensed patient
parameter. In this manner, the next time patient 14 assumes a problematic posture or
activity, no change in therapy from whatever therapy is currently being delivered will
occur. As another alternative, in this type of situation, processor 34 may instead creale a
new record or modity an existing record such that a relatively innocuous, predetermined
therapy program is associated with the patient parameter value that indicates the
problematic condition, e.g., posture or activity, of the patient.

Alternatively, processor 34 or programming device 20 may request patient 14 to
assume the activity or posture associated with the therapy disconfinuation, and manually
find therapy parameters that provide comfortable and efficacious therapy. In this case,
processor 34 or the programming device may provide some guidance or direction to
patient 14 {o assist in quickly determining therapy parameters that are effective. Once
such parameter values are found, IMD 12 may create a record in table 54 that associates
the previously problematic sensed patient parameter value with the therapy information
chosen by patient 14

Part of the leaming process may involve monitoring therapy adjustments over a
relatively long period of time. Using averaging or some other processing method, base-
fevel therapy parameters may be derived that reflect an average level of therapy generally
desired by a patient in g given situation {e.g., when {ransitioning from a pronge {o a sifting
position) as determined by the patient parameter values. In addition to this base-level

therapy parameter, one or more shori~term adjustiments may also be associated with this
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same posture fransition, and may be used fo adjust therapy over a shorter predetermined
period of time.

As an example of the foregoing, over a long learning period, it may be determined
that a patient desires a stimulation level of approximately 1.0 'V in response to detecting
one or more patient parameter values indicating a transifion from a prone to 8 sitling
posture. Thus, therapy is delivered to the patient at this stimmulation level as a default when
this posture transition is detected. However, on a day when the patient is experiencing a
higher level of pain, the patient may incrementally adjust the stimulation ypward by 2V
after this posture transition. This adjustment may be associated as a short-term adjustment
with the posture transition such that during the current day, a therapy level of 1.2V will be
delivered fo the patient whenever the patient transitions from a prone to a sitting position.
This therapy delivery continues throughout the current day unless another incremental
adjustment is received from the patient during the same day that changes the adjustment
value. When the next day arrives, therapy delivery resumes to the base-level of 1.0V in
response {o detection of the particular posture transition. Thus, it may be appreciated that
in this embodiment, the IMD may be recording associations between patient parameter
values and therapy values not only during an initial learning period, but also during every
day use by the patient.

Once IMID 12 has “learned” the associations between sensed patient parameter
values {e.g., accelerometer values) and therapy parameters that control how therapy is to
be delivered, IME may begin delivering therapy in an automated way. During this time,
few, if any, patient adjustments may be needed. This type of operation is described in
reference to FIG 6.

FIG 6 is a flow diagram illustrating an example technigue for delivering
stimulation in a closed-loop manner, and further for automatically associating existing
therapy information with additional patient parameter values. The tllustrated technique
may be performed by a medical device, such as IMD 12, Operation will be described with
reference to IMD 12 and system 10. As shown in FIG 6, processor 34 of IMD 12 controls
pulse generator 32 to deliver therapy according to the therapy information stored in
table 54 {80). As previously discussed, this therapy delivery may be performed using a
base-level therapy value and an incremental adjustment. Processor 34 may adjust therapy

parameters or change therapy programs as indicated by therapy information stored in
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records of table 54. Processor 34 accesses different records, and thus different therapy
information, based on detected values of a sensed patient parameter, which may provide
information regarding the postare and/or activity of a patient.

While therapy is being delivered according to table 54, a patient may make an
incremental adjustment (813, If this occurs, the therapy that is being delivered according
to the table may be adjusted accordingly (82). In one embodiment, this adjustment may be
stored within table 54 for use in automatic therapy delivery either indefinitely, or for a
subsequent predetermined period of time, such as during the current day.

If a therapy adjustment is not detected in step 81, therapy delivery continues until a
change in a patient parameter value is detected (83). When processor 34 detects a change
in the patient parameter value (83}, the processor may determine whether the parameter
value 18 already iu the table (84). As discussed above, this determination may depend on a
resolution value for the sensed patient parameter. If the detected patient parameter value is
already in table 54, processor 34 may control therapy generator 32 to deliver therapy
according to the table, e.g., according to the therapy information associated with the
detected patient parameter value in the table (80). If the detected patient parameter value
is not already in table 54, processor 34 may enter a new record in {able 54 for the value,
which associates the detected patient parameter value with the current therapy parameter
values 52 {86). In this manner, processor 34 may continue to populate table 54 with
therapy information for varicus values of therapy and/or the sensed patient parameter even
after a learning period is over and the table has been put into use for providing antomated
therapy delivery.

In some embodiments, processor 34 may wait a predetermined time after the
sensed patient parameter value changes before storing a new record. Since the cutput of
sensor 40 may change rapidly, recording a new record for each small change in sensor
output may not be necessary or even possible without slowing down the performance of
processor 34, Processor 34 may wait for 10 seconds, for example, in order to let the
sensor output stabilize before generating a new record.

FIG 7 is a chart illustrating an example patient parameter value table that may be
used for closed-loop adjustment of therapy. Table 110 may correspond to table 54 stored
in memory 36 of IMD 12, As shown in FIG. 7, table 110 includes a plurality of records.

Each record contains several values derived from an accelerometer output, which is an
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example of a value of a sensed patient parameter. The table further includes an amplitude,
a pulse width, a pulse frequency, and an electrode configuration, which are values for
example therapy parameters, Processor 34 may search table 110 based on a currently-
detected accelerometer output in order to match therapy to the current condition, e.g.,
posture and/or getivity, of patient 14,

in the current example, the accelerometer output is from a three-axis
acceleroroeter. An AC portion of the accelerometer output may be used to derive one or
more values indicative of motion of the patient, such as activity level, velocity,
acceleration, and so on. In the corrent example, activity levels {e.g., Al ~ AS) are shown
to be utilized, which may represent footfalls. A DU portion of the accelerometer output
may be used to determine a value indicative of the orientation of the accelerometer within
a gravitational field. This value may be expressed as a three-dimensional vector having X,
Y, and Z components. Assuming the accelerometer position is fixed with respect to
IMD 12, and the position of IMD 12 is fixed with respect to patient 14, the vector
measurement may be used (o determine a patient’s posture.

In another embodiment, the vector may be accompanied by a tolerance, which
represents some distance from the vector. For instance, the tolerance may be expressed as
a cosine of an angle describes an area surrounding the vecior. This area may define a cone
in three-dimensional space. The vector determined from the output of an accelerometer
will be maiched with a table entrv whenever that vector lies within the cone {assuming any
activity criteria for that table entry is also satisfied). This provides a mechanism for
matching any accelerometer output with one of a limited set of posture states.

According to one ensbodiment, if a record is not located having the same, or an
applicable, activity and/or posture as is indicated by the current accelerometer output,
processor 34 may enter a new record into program table 110

Each posture state of table 110 may be associated with therapy information,
Therapy information may include a voltage amplitude (as shown in the example), a current
amplitude, or some other amplitude, as may be the case if a therapy other than stimulation
is being provided. The current example also provides a stimulation pulse width in
microseconds {us), the pulse frequency (Hz), and the electrode configuration, which

determines the electrodes and polarity used for delivery of stimulation according to the
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record. Other therapy parameter values may be used instead of, or in addition to, those
shown in table 110,

Table 110 also illustrates the recording of an incremental adjusiment, which in this
example is an adjustment to the voltage amplitude. This adjustment may be received from
a patient and used to adjust therapy amplitude for some predetermined period of time {e.g.,
the current day). When such an adjustment is received, it is entered into a table entry
associated with the currently-sensed activity level and posture, and is thereafier used (o
adjust therapy when the patient is in that posture state. This contirues until a different
adjustment for this posture state is received, or until the predetermined period of time has
elapsed {e.g., the next day arrives}).

During system development and test of IMD 12, 1t is necessary to have a
mechanism to validate that the IMD is indeed delivering the appropriate level of therapies,
both during open-loop operation, and during closed-loop therapy delivery. The current
disclosure provides techniques for performing this validation in an automated manner as
described with respect to the remaining drawings.

FIG. § is a block diagram illustrating a mechanism for performing data collection
according to one embodiment. Sensor logic 152 is affixed to patient 1530, as may be
performed by clipping or otherwise attaching this logic in a stationary manner to an
external surface of the patient or the pationt’s clothing. This sensor logic 152 may wnclude
a sensor such as an accelorometer discussed above. This logic may optionally further
include other hardware, software, and/or fitmware modules to pre-process the output of
the sensor, as will be discussed below.

Sensor logic 152 may be affixed to patient 150 wn a predetermined orientation. For
instance, if sensor logic 152 includes a three-axis accelerometer, sensor logic may be
affixed to patient 150 in a known orientation with respect to the patient. As an example, a
Y axis of the accelerometer may be aligned approximately with the patient’s spine and the
X axis of the accelerometer may be aligned with the patient’s lateral axis. Any other
predetermined alignment may be used in the alternative. Alternatively, sensor logic 152
may be aftixed to patient 150 and the three-axis accelerometer calibrated so that a
predetermined accelerometer reading is provided when patient 150 is in a predetermined

position, such as standing. Technigues for performing calibration are described in
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commonly-assigned U.S. Patent Application Serial No. 12/433,623 filed April 30, 2009,
eniitled “Reortentation of Patient Posture States for Posture~-Respounsive Therapy™.

Patient 150 carries an IMI 154 that delivers therapy in a known manner. For
instance, IMD 154 may provide electrical stimulation therapy to the patient ina
previcusly-verified open-loop fashion that responds to therapy modification commands
from a programmer such as patient programmer 158, which may be similar to patient
programmer 20 (FIG, 1)

Patient 150 uses patient programmer 158 to control the therapy delivered by
IMIZ 154, When patient programmer 158 receives patient adjustments to modify the
therapy that is being delivered by IMD, patient programmer communicates these
adjustments to IMD 154, which responds accordingly to deliver the therapy in an altered
manner. Patient programmer 158 may communicate such modifications via a wireless
commumication session such as a telemetry downlink session,

In one embodiment, patient 150 may also be provided with electronic means for
manually recording conditions associated with sensor logic 152, For instance, the
electronic means may be an eDiary 156 such as a personal data assistant {PDA) or other
recording device for recording patient-entered data with a key pad, stylus, and/or via other
user interface mechanisms.

The system of FIG. 8 further includes an automated programmer 160 (also referred
to as a “lab programuer”™), This progranunier may be a modified clinician programmer
that has a larger set of capabilities and functions than patient programmer 158, These
functions include the ability to communicate with, and control IMD 154, Automated
programmer 160 may be adapted for use in configuring the system of FIG. 8 for data
collection. During a data validation phase that may occur after data collection is complete,
automated programmer 160 is adapted o anfomatically issue commands that cause an
IMD o adjust therapy, as will be described further below,

The vartous components of the system of FIG. § are used in concert fo perform
data collection as follows. First a synchronizing event is performed that synchronizes
operation of patient programmer 13§, sensor logic 152, eDiary 156, and optionally
IMD 154, Such a synchronizing event may be a synchronization command that is selected
via a user inferface of an automated programmer 160, for example. Such a command may

be commmunicated via wireless communication {e.g., telemetry) to each of the other
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devices, including patient progravmer 158, sensor logic 152, eDiary 156, and IMD 134,
Alternatively, one or more of these other devices may receive this command via a
hardwired connection such as provided via a USB cable or any other type of
commuiication connection. In one instance, some other type of signal, such as a
hardwired reset signal, may be communicated to each of devices 152- 158 at the same
time for use as a synchronization event. In vet another embodiment, this synchronization
event may alternatively or additionally involve some manual intervention, such as
activating a reset switch, removing or providing a magnet that activates a configuration
function, and so on.

The synchronization event is used to synchronize respective counter/timers in each
of the devices 152-158. For instance, the synchronization event may zero all of the
counter/timers 50 that clocks in each of the devices are synchronized to one another.

After the synchronization event, IMD 154 may begin delivering therapy to
patient 130 according to a known manner. For instance, electronic stimulation therapy
may be delivered to patient via one or more leads according to a known amplitude,
frequency, electrode configuration, and so on. The way in which therapy s initially
delivered may be selected according to the algorithm being executed by IMD 154 and
patient programmer 158, While therapy is being delivered, thevapy parameter values
describing the delivered therapy are recorded by patient programmer 158, For instance, a
record 162 that is created during this process may describe amplitude, frequency, duty
cycle, pulse width, pulse shape, electrode combinations, elecirode polarities, program
usage, and so on, for the delivered electrical stimulation therapy. Fach such record
describing delivered therapy may be recorded along with a time stamyp indicating the time
at which the record was created. This time may be a relative indication, such as an elapsed
time since the synchronization event occurred or a time singe the last record was recorded.
Alternatively, the time may be related to the time in a selected time zone. One or move of
these records 162 may include additional information such as patient identification data, a
date in which the record was created, and so on. Alternatively, some or all of the records
may omit this type of additional information to conserve storage space.

Hach record 162 may be crested within a storage device of patient
programmer 158, such as memory 66 (FIG, 4). Alternatively or additionally, each

record 162 may be created in the memory of some other device, such as a personal

2
%7



i

10

18

20

25

3¢

WO 2010/033366 PCT/US2009/055204

computer or antomated programmer 160. These records may be communicated to, and
stored within, a memory of a device using wireless and/or hardwired cormmunication
tink(s}.

During the data collection, the patient goes about a daily routine. The patient may
request adjustments to the delivered therapy. For instance, patient 150 may utilize patient
programmer 138 1o reguest incremental modifications to therapy. Such modifications may
be desired because of changes in patient parameter values {e.g., changes in posture and/or
activity level). For instance, the patient may want o increase stimulation levels when
commencing a higher level of activity. When such therapy modification requests are
received by patient programmer 158, patient programmer makes a record of the requested
therapy modification. This may be recorded as some type of delta value, indicating 4
change between currently-delivered therapy and the therapy the patient requests.
Alternatively, this may be recorded in terms of the therapy levels that will result after the
modifications are applied. In etther case, the recorded therapy adjustment may be stored
along with a timestamp. The requested therapy modifications are communicated to the
IMI} 154 for use in altering delivered therapy.

While patient programmer 158 is recording therapy parameters indicative of the
on-going therapy being delivered to patient 150, sensor logic 152 is sensing patient
parameters indicative of a condition being experienced by the patient. For instance,
assuming sensor logic 152 contains an accelerometer, sensor logic 152 records a posture
state of a patient that describes at least one of a current patient position (posture} and a
patient activity {e.g., activity level, velocity, acceleration, direction of the velocity,
direction of acceleration, etc.) In the current example, sensor logic 152 may record patient
posture using a vector in three-dimensional space as deseribed with respect to FIG. 7.
Bach such record 164 containing a sensed posture state may be associated with g
timestamp indicating a time of recordation. This lime may be a relative fime, such as time
elapsed since occurrence of the synchronization event. Such records may be created
within a storage device inchuded within sensor logic 152, Alternatively or additionally,
data may be provided by the sensor logic 152 to one or more other devices via a wireless
or hardwired connection so that one or more such records could be created in the memory
of these other devices, which may comprise a personal computer, automated

programamer 160, or any other type of recording device.
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Recordation of data in the foregoing manner may continge as the patient goes
about daily life. During this process, sensor logic 152 will continue to monitor patient
parameter values. For instance, according to the current example, the patient’s posture
and activity level will change, and the output of sensor logic will reflect these changes. As
these posture state changes occur, patient 150 may utilize patient programmer 154 to
request therapy changes. The posture state changes and the therapy changes are recorded
as patient parameter values and therapy parameter values, respectively.

In conjunction with antomated recordation of parameters by sensor logic 152 and
patient programmer 1358, patient 150 may optionally manually record data using
ebdary 156. Such manual records 166 include information concerning patient parameter
values. For instance, before, during, or afier a posture and/or activity level change,
patient 150 may manually enter data describing the change. If a posture state change is
accompanied by a requested therapy modification, the patient may likewise record
information describing the requested therapy change. Each such record may be associated
with a timestamp in a manner similar to that associated with records 162 and 164, For
instance, a timestamyp may be automatically appended by the system to each record 166
each time the patient creates a new eDiary entry.

In one emboediment, IMD 154 may also be recording data associated with the
delivered therapy. For instance, measurement module 42 of IMD (FIG. 2) may determine
what therapy parameter values are assoctated with the therapy being delivered by therapy
delivery module 32, Such records 168 may be stored within memory 36 of IMD 154,
and/or may be transferred via a wireless communication link to s memory of automated
programmer 160, a memory of a personal computer, memory 66 of patient
programmer {5&, or to some other storage device.

In one embodiment, IMD 154 may have a sensor 40 (FIG. 2) that is similar to that
of sensor logic 152, In this case, records 168 may inchude patient parameter values
collected by the sensor of IMD 154 {e.z,, sensor 40 of FI(G. 2}, Such sensor is preferably
of a same type and operates in a similar manner as that included within seasor logic 152,
In general, it should be noted that during this phase of testing, any sensor included within
IMD 154 is not being used for closed-loop control, but rather is only being used to record

patient parameter values. In the current example, patient parameter values shown
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collected by sensor 40 of IMD 154 include posture and activity level. Records may also
include a timestamp in a manner described above.

Collection of dats continues in the foregoing manner, with therapy adjustments
and/or a description of the resulting therapy being recorded as therapy parameter values
within records 162 by patient programmmer. Resulting therapy levels may also be recorded
as therapy parameter values within records 168 by IMD 154 in an embodiment wheren
such records are being generated. In addition fo the collection of the therapy parameter
values, patient parameter values as sensed by sensor logic 152 and optionally by a sensor
of IMD» 154 are recorded in records 164 and 168, respectively. Additional data indicative
of patient parameter values and therapy parameter values may optionally be recorded
manually by patient 150 as records 166 using eDiary 156, All such records may be
correlated {0 one another via timestamps which indicate when the patient parameter values
and/or therapy parameter values were recorded.

Collection of data optimally occurs as the monitored condition{s} (e.g., posture,
activity level etc.) undergoes a wide variety of changes. For instance, it is desirable to
perform data collection over a period of time during which a patient will experience many
different postures, activity levels, and so on. In one embodiment, such monitoring
continues over a period of three days, with records 162, 164, and optionally 168.
Recordings may, in one instance, be created at predetermined intervals. Inone
embodiment, such records are created and stored every five seconds, however any other
interval may be used in the alternative. Records 166 are created at intervals determined by
patient compliance.

After the data collection interval (e.g., three days) has elapsed, processing of the
recorded data occurs. This processing is carried out by data analysis logic 172, which
forms associations between the patient parameter values {e.g., posture, activity
descriptions, ete.) stored within records 164 and therapy parameter values {e.g., amplitude,
frequency, ete.) stored within records 162, wherein the therapy parameter values indicate
patient 150 requesis to modify therapy and/or the resulting therapy delivered by IMD 154
to the patient. The associations between patient parameter values and therapy parameter
values may be formed via the timestamps or according to the ordering of records that were

created at known time intervals.
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Drata analysis logic 172 stores the created associations in a test data file 174, Test
data file 74 may be retained within g storage device of antomated programmer 160, a
personal computer, or some other external device and/or loaded onto a storage medium
such as a DVD, CD, flash drive, etc. Alternatively or additionally, this information may
be transferred to a memory of a central server or some other data processing system.

If eDiary 156 is in use, processing may include an additional step to validate the
operation of sensor logic 152, In particular, this step will involve validating postures and
activity descriptions recorded within records 164 by sensor logic 152 against postures and
activity descriptions recorded manually by patient in records 166, This validation process
is performed by posture and activity validation logic 170, which may be implemented in
hardware, software, or some combination thereof. In one embodiment, this logic is
software executing on an external device such as avtomated programmer 160, a personal
computer, a clinician programuer, or some other processing device.

In one example instance, posture and activity validation logic 170 operates by first
assigning a posture state to the posture and/or activity data stored within each of
records 164, Technigues for assigning a posture state in this manner are described in
comunonly-assigned Patent Application Serial Nos, 12/433,004 and 12/432,993 referenced
above. The assigned posture state {e.g., lying down, upright, upright & active, etc.) may
then be compared to the manually-entered posture and activity data of records 166, using
the timestamp data to match corresponding records. Assuming patient complance was
adequate, the resulting comparison will provide an additional level of validation indicating
whether sensor logic 152 recorded data that accurately reflects patient posture and activity
levels,

Optionally, a comparison may be performed between posture and/or activity data
sensed by a sensor {e.g., sensor 40) of IMD, as recorded in records 168, Such data may be
compared against that stored within records 164, assuming that the sensor of IMI} 154 has
a similar function to the sensor of sensor logic 152, Assuming it has been determined that
sensor logic 152 is performing properly, this comparison may be used to confirm
operation of the sensor of IMD 154 in an embodiment wherein the IMD includes such a
SENSOT,

The foregoing describes use of timestamps to correlate data between the various

ones of files 162, 164, 166, and 168. This may not be desirable in some embodiments
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because of the storage space required to store the timestamps. I snother embodiment,
records 162, 164 and 168 may be created at a same predetermined frequency {e.g., one
record every five seconds). {f the records of a same type are stored in an ordered manner,
a correspondence will be maintained between a given record 162 and counterpart

records 164 and 168. This eliminates the need to store timestamps in these types of cases.
Timestamps will still generally be required in the case of records 166 which are created
manually by patient 150. A record 166 may be matched with records 162, 164, and 168
by using the known data collection frequency of the automatically-collected data to select
the ordered record that correlates roughly to the timestamp of a record 166,

The foregoing description of FIG. & relates to a system wherein during the data
collection phase, all therapy delivered by IMD is provided in an open-loop manner. In
other words, initially, the IMD is delivering therapy using a default set of therapy
parameter values. Thereafter, therapy delivery is modified solely in response to requests
made by patient 150 via patient programmer 158, No automated therapy adjustments are
performed as a result of sensed patient parameter values, such as those that indicate a
posture state.

In an alternative embodiment, some closed-loop conirol is provided by patient
programmer 158 during the data collection phase. In this embodiment, sensor logic 152
and patient programmer 158 include the capability to communicate using a long-range
wireless communication protocol, such as Bluetooth. Using this long-range
communication protocol, the patient programmer 158 receives patient parameter values
from the sensor logic 152 indicative of the patient’s posture state. In this embodiment,
when the patient programmer 158 receives from patient 150 a therapy adjustment, the
therapy parameter values describing this therapy adjustment are stored along with patient
parameter values received from the sensor logic 152 about the same time. In this manner,
the patient programmer 158 creates a table that is similar to that of FIG. 7.

After patient programmer 158 has created one or more entries within the table in
the manner described above, patient programmer may receive a patient parameter value
that is the same as, or similar to, that already entered into this table. In this case, patient
programmer 158 may antomatically issue a command to adjust therapy according to the
corresponding therapy parameter values include in the applicable table entry. Thus, in this

embodiment, therapy adjustment occurs not only as a result of patient adjusiments, but
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also automatically using the table values and the patient parameter values that are
available from sensor logic.

During execution of this alternative embodiment, patient programmer 158
continues to create records indicative of the therapy being delivered to the patient. In this
case, patient programmer 158 may also include the patient parameter values indicative of
posture state in the same records as those that are recording the therapy parameter values.
Thus, in this case, patient programmer 158 may create the test data file 174 directly,
eliminating the need for data analysis logic 172.

fn yet another embodiment, it may be desirable to pre-load patient programmer 158
with a table that associates therapy parameter values with patient parameter values. This
pre-loaded table may be a default table used by many patients, or may instead contain data
developed specifically for patient 150, In this case, closed-loop therapy delivery may
commence immediately during the data collection phase. Updates to this table may be
made as the patient makes adjustments. Patient programmer records therapy parameter
values along with patient parameters in the manner described above to create test data
file 174.

FIG. 9 15 a block diagram illustrating one embodiment of sensor logic 152, This
sensor logic includes a sensor 180, which in this example may be a three-axis
accelerometer. Other embodiments may be adapted for use with other types of sensors.
Sensor 180 provides an output signal to logic 182, which includes analog-to-digital
converter (ADC) and filter logic. When sensor 180 is an accelerometer, a high-pass filter
may be used to extract an AC signal component for use in determining an activity
parameter and a low-pass filier may be used to extract a DC signal component used to
determine posture. Signal processing logic 184 processes both the AC and DC
components {0 obtain a first measure indicative of postuwe, which in this example is a
vector, and a second measure indicative of activity, which in this illustration is an activity
level. Exemplary techniques for performing this signal processing are described in
commonly-assigned Patent Application Serial No. 12/433,029 filed April 30, 2009 entitled
“Posture State Detection Using Selectable System Control Parameters” referenced above.

The posture and activity level data may be stored in storage device 186 of sensor
logic along with a timestamp. Altematively, such data may be recorded at 8 known

interval such that & timestamp may be derived in the manner discussed above. Data stored
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within storage device 186 may be transferred to an external device via communication
logic 188, which may be a telemetry circuit capable of short-range or long-range
communication. This is necessary if patient programymer 158 is to utilize closed-loop
control to adjust therapy delivery according to the alternative embodiment described
above. In another embodiment, communication logic 188 may simply include a
communication port such as a USB or other type of connector for establishing a hardwired
connection whereby data within storage device 186 may be read and used to create test
data files 174 (FIG. 8).

In a scenario wherein IMD 154 automatically generates records 168 containing
patient parameter values for comparison to similar values in records 164, the sensor of
IMD and other logic associated with this sensor should generate values that are
comparable to those generated by sensor logic 152, If this is not the case, recorded patient
parameter values of records 164 will most lkely not result in a favorable comparison with
the patient parameter values of records 168,

FIG. 10 is 3 flow diagram illusirating one method of performing data collection
according to the current disclosure. A synchronizing event is initiated to synchronize the
various devices performing data collection (200). During a predetermined period of time,
manually-entered patient parameter values {e.g., posture, activity) and therapy parameter
values may optionally be collected from a patient (202). Also during this period of time,
patient parameter values are collected antomatically from one or more sensors (204).
These sensors include at least one sensor affixed externally to the patient. The sensors
may also include a sensor of an IMD, such as sensor 40,

The manually-entered patient parameter values are optionally used to validate the
raw and/or processed patient parameter values collected from the one or more
sensors (206). In particular, this verifies proper operation of sensor logic 152. This
comparison can further validate correct operation of an internal sensor 40 and associated
logic, assuming the external sensor logic 152 and the logic within the IMD correspond to
one another,

Further data collection involves a programmer, which may be a patient
programmer, and which is used to collect therapy parameter values indicative of therapy
adjustments of an IMD {208). Associations are created between the patient parameter

values collected by at least one of the sensors and therapy parameter values collected via
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the programmer {210), wherein the at least one of the sensors include a sensor worn
externally by the patient. These associations may be stored as test data file 174 of FIG. 8.
These associations are used to generate a closed-loop control mechanism to control an
IMD to deliver therapy in a closed-loop manner {212}, as will be discussed below.,

FIG. 11 is a block diagram of an automated system that utilizes data collected
according to the technigues described herein to validate operation of an IMD 220 during 2
validation phase. The IMD 220 has a similar therapy delivery module (e.g., therapy
delivery module 32 of FIG. 2) to that of IMD 154 used during the data collection
described above. In one embodiment, IMD 220 may have a measurement module 42
similar to that included in IMD 154, Finally, IMD 220 includes g seusor that may
correspond to that of sensor logic 152, In the current embodiment, this sensor is capable
of detecting posture states of a patient.

Unlike IMD 154 used during the data collection phase, IMD 220 is adapted to
execute a closed-loop algorithm that utilizes data such as that shown in the table of FIG. 7
to conirel therapy delivery module 32, In one embodiment, the data contained within this
table will be pre-loaded into IMI} 154 before the validation phase commences, This data
is derived from an analysis of the data in test data file 174, That is, each entry of the table
will associate one or more patient parameter values {e.g., a posture vector and/or an
activity level) obtained by sensor logic 152 during data collection with therapy parameter
values indicative of a therapy adiustment made by a patient. This data may then be used
by IMD 220 to control therapy delivery from the start of the validation phase, as will be
described below.

It may be noted that some pre-processing of the data contained within test data
file 174 will likely be necessary to create the table that will be pre-loaded on IMD 220.
This is the result of several factors. First, during data collection, patient 150 may adjust
therapy inconsistently in response to a certain set of patient parameter vaiues. For
instance, the patient 150 may only adjust therapy some of the time when transitioning
from a sitting to a standing position. This may be the result of the burden placed on the
patient (o perform the therapy adjustments. As an example, the patient may not bother {o
adjust therapy if the patient knows the standing position will be assumed only temporarily,
In addition, the patient’s physical condition {e.g., pain state} may change from day-to-day.

As a result, the patient may desire more or less stimulation when assuming a given posture
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state than was required the day before, for example. Thus, prior to pre-loading a table
onto IMID 220, some processing of data in test data file 174 is needed to derive a one-to-
one correspondence between patient parameter values and therapy parameter values.

As an example of the foregoing, pre-processing may first classify each set of
patient parameters into one of multiple pre-defined posture states. Such classification
could be performed in a manner described in ULS. Patent Application Serial
Nos. 12/433,004 and 12/432,993 referenced above. Other forms of classification are
possible.

Once the patient parameter values are grouped into posture states, processing may
utilize some mechanism (determining average or median values) to obtain a single set of
therapy parameter values that correspond fo the patient parameter values for the posture
state. This will vield a single table eniry that provides patient parameter values and
associated therapy paramster values for a given posture. In this manner, pre-processing
may be performed oun data within test data file 174 {o generate a table o be pre-loaded on
IMD 220 for use in performing validation. Along with this table, IMD 220 will also be
pre-toaded with control logic (e.g., software and/or firmware) to implement a closed-loop
algorithm that will control therapy delivery moduale 32 to deliver therapy according to the
data in the pre-loaded table.

After being configured in the above-described manner, IMD 220 may be affixed to
an automated device 222 that is adapted {o re-create the patient conditions that existed
during data collection. In the current example, automated device 222 is a robotic arm that
is capable of positioning IME 220 to be in any orientation in three~-dimensional space, and
is further capable of re-creating any type of activity {e.g., activity levels) recorded by a
three-axis accelerometer to indicate patient activity, as reflected by records 164, and
optionally records 168. In one embodiment, robotic arm 222 is a model LR-2001C
available from FANUC Robotics America, Inc., Rochester Hills, ML, although other types
of automated devices and robotics technologies may be emploved.

IMD 220 must be affixed to automated device 222 via a test fixture. This test
fixture 1s oriented in a known manner such that the sensor of IMD 220 (s ina
predetermined position relative to the automated device 222, In one embodiment, this
predetermined position substantially aligns the axis of a three-axis accelerometer to three

corresponding axes of movement of a robotic arm,
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Test data file 174 is provided as input {o the system of FIG. 11, As discussed
above, test data includes the associations between patient parameter values recorded by
sensor fogic 152 in records 164, and therapy parameter values recorded by patient
programuner 158 inrecords 162, This type of file may be generated by data analysis
logic 172,

Test data of test data file 174 may be stored within a8 memory of automated
programmer 160, a memory of a personal computer, within a2 memory of a server, a
storage medium such as a DVD, CD, flash drive, and/or any other siorage device. This
data may be made accessible to the system of FIG. 11 using a hardwired or wireless
communication link, via a network connection such as a secure iniranet or an Internet
connection that has the capability o access the data, by loading the test data 174 from a
storage medium, ete.

Test data file 174 may be in any format generated by data analysis logic 172
{FIG. 8), or in the closed-loop embodiment, in a format generated by patient
programmer 158, In one embodiment, the format provided by data analysis logic 172 is a
Comma-Separated Values (C8V) format that may be provided as input directly to control
movement of automated device 222, Thus, no data formatting is needed, and test data
file 174 may be used as the formatted data file 226 that is provided as input to control
automated device 222, This is as indicated by arrow 175, In an aliernative embodiment
wherein this is not the case, g data formaiter 224 may be employed to manipulate the data
tncluded in test data file 174 so that it is in a format expected for use by automated
device 222,

In the current embodiment, the formatted file 226 describes a sequence of posture
states that each describes at least one of a posture {e.g., in the form of a vector) and an
activity {e.g., an activity level). This sequence of posture states corresponds {o the
sequence of posture states that patient 150 assumed during data collection. Sucha
sequence may span the entire time period during which data collection occurred {e.g.,
three days, in one embodiment).

In one embodiment, the raw patient parameter data contained in formatied data
file 226 is provided to interface layer 234 of movement control logic 232 of automated
device 222. This is as indicated by arvow 227, In an alternative embodiment, the patient

parameter data is delivered fo interface layer 234 via a control script 230, In etther case,
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delivery of this data is used by movement conirol logic 232 to cause automated device 222
to recreate the posture states that were experienced by patient 150 during data collection.

Movement control logic 232 includes the hardware, software, and/or firmware to
control operation of automated device 222, In particular, the interface layer contains
firmware and/or sefiware routines to translate the patient parameter values {(e.g., vectors
and activity level parameters) from the formatted data file 226 into commands that control
the hardware of automated device 222, In this manner, automated device 222 reproduces
the orientations and movements represented by the patient parameter values. When
IMD 220 is affixed to automated device 222 in a predetermined manner, IMD 220 will be
subjected to the same sequence of orientations and movements as those to which IMD 154
was subjected during data collection. In a preferred embodiment, this occurs in real-time
such that the time period during which re-enactment occurs corresponds to the time period
used for data collection. The posture states of one embodiment each include at least one
of a posture vector that conirols orientation and an activity level that controls a level of
movement.

As discussed above, IMD 220 must be affixed to mutomated device 222 ina
predetermined manner to obtain accurate results. In one embodiment, this involves
utilizing a test {ixture that aligos an axis of an accelerometer included within the IMID with
the axis of automated device 222. In this manner, when interface layer 234 responds to a
vector [X1, Y1, and Z1] provided by test data file 174, the sensor {e.g., sensor 40} of
IMD 220 will likewise generate a posture vector of [X1, Y1, and Z1].  Alternatively, thie
may be accomplished by calibrating sensor 40 of IMD 220 so that sensor 44 produces the
desired vector reading when automated device 222 is responding to that vecior in the test
data. Such calibration of sensor 40 of IMD 220 may be performed programmably using a
clinician programmer or automated programmer 160,

In addition to ensuring that IMD 220 is affixed and/or calibrated properly prior to
commencing validation, some verification is also needed to ensure that interface layer 234
is accurately controlling avtomated device 222 1o reproduce orientations and motions
performed by patient 150 during data collection. For example, when a vector [ X1, Y1,
717 and an activity level of Al is provided to interface layer 234, automated device 220
must respond by positioning IMD 220 in an orientation, snd/or subjecting this device to a

fevel of movement such that sensor 40 of IMD 220 also generates vector [X1, Y1, 21}
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and/or an activity level of Al. A verification mechanism for ensuring that interface

layer 234 is responding properly is described below in reference to FIG. 12, For purposes
of this discussion, it will be assumed that verification of interface layer 234 has already
heen performed.

In the foregoing manner, IMD 220 g affixed to automated device 222, calibration
is performed, and patient parameter valucs from formatted data file 226 are provided to
interface layer 234. This causes automated device 222 to begin reproducing the postwre
states assumed by patient 150 during data collection, thereby subjecting IMD 220 to the
same sequence of posture states as occurred during data collection.

As IMI¥ 220 is subjected to various posture states, the sensor of IMD 220 senses
the posture states and provides patient parameter values indicative of the posture siates.
Assuming IMD 220 has been pre-loaded with a table to enable closed-loop therapy
adjustment in the foregoing manner, these patient parameter values are used by IMD 220
to reference the table and locate an associated set of therapy parameter values, These
located therapy parameter values are provided to therapy delivery module 32 for use in
controlling therapy delivered by IMI¥ 220.

While this is occurring, measurement module 42 of IMD 220 ¢ moniforing the
therapy delivery module 32 to determine the therapy parameter values being used to
deliver therapy. These therapy parameter valaes are communicated {o automated
programmer 160 as validation data 242, as may be accomplished via g wireless
communication link {e.g., telemetry uplink session}, or in another embodiment may be
provided via a hardwired connection. This validation data 242, which tncludes the therapy
parameter values, is forwarded to compare logic 244 of control script 230, Control script
further has access to the therapy parameter values contained in formatied data file 226.
Since re-enactment of the posture states is ocourring in “real-time” (i.e., over 3 same time
period as the posture states were assumed during data collection), control script 230
utilizes imestamps to locate the therapy parameter values from formatted data file 226
that correspond with the current validation time. The therapy parameter values from the
formatted data file 226 should correspond closely with those included i the validation
data 242.

In some cases, a miscompare between the therapy parameter values within

formatted data file 226 and those contained within validation data 242 indicates a potential
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problem. For instance, hardware, software, and/or firmware of IMD 220 may not be
detecting, and/or responding in an appropriate manner to, the posture states. 1f this is the
case, an entry should be created in validation rosults 246 indicating that a potential
problem exists, This entry may include data such as a timestamp indicating the time
during validation when the miscompare oceurred, the measured therapy parameter values
from the IMD 220, and the therapy parameter values from formaited data file 226, Other
data may include the patient parameter values used by automated device 222 {o re-create
the posture state, as well as patient parameter values sensed by IMD 220 at a time leading
up to, or during, the miscompare. This information is then available to diagnose potential
problems with the design of IMD 220,

In some circumstances, when a miscompare results, it is desirable to perform
therapy adjustments. In these cases, control script 230 obtains the therapy parameter
values available from the formatted data file 226, and provides these values to antomated
programmer 160 via either a hardwired or wireless communication Hnk. Awtomated
programmer {60 then communicates these values to IMI¥ 220, This is generally
accomplished via a wireless commumication link {e.g., a telemetry downlink session}
although a hardwired connection could be used in the aliernative. Therapy delivery
module 32 of IMD 220 should respond to these adjustments by changing therapy in
accordance with the adjustments. This may be confirmed by measurement module 42,
which determines the therapy parameter values being used to deliver the therapy,
communicates these measurements as validation data 242 to automated programmer 160,
which then forwards these values to control script 230 for validation. That is, compare
logic 244 of conirol script 230 will again compare the therapy parameter values from the
validation data 242 with those oblained from formatted data file 226 and communicated to
IME 228, This compare will validate that the adjustment was completed properly. Ifnot,
an entry may be created in validation results 246 in a manner similar to that described
above.

In some cases, miscompare situations may be detected that are not related to a
potential problem associated with IMD 220, As discussed above, during data collection, a
patient may only adjust therapy some of the time when making a posture state traunsition.
For instance, the patient may not bother to adjust therapy when the patient knows that a

posture state will be assumed only briefly rather than being sustained for a longer period
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of time. Since during the validation phase, the IMD 220 uses a closed-loop algorithim and
data in the pre-loaded table fo automatically adjust therapy in response to all posture
changes {including those for which the patient did not bother to perform adjustment), a
miscompare may result in these situations. This is not the result of a potential problem,
but rather indicates the IMD 220 is adjusting therapy consistently each time a given
posture state is detected, whereas the patient adjustments may not have been as consistent,
In these types of situations, it may not be desirable to create a log entry in validation
resulis 246 o indicate a potential favlt. Moreover, if may not be desirable to prompt

IMD 220 to perform a therapy adjustment, since the therapy level is already appropriats
based on the closed-loop algorithm and pre-loaded table data.

As another example, the patient’s physical condition {e.g., pain state} may change
from day-to-day. As a result, the patient may desire more or less stimulation when
assuming 8 given posture state than was required the day before, for example. Recall that
the therapy level in the pre-loaded table of the IMD will contain sorme base level therapy
value that may have been derived by processing {e.g., averaging) all recorded patient
adjustments received while the patient assumed g given posture state. Thus, the therapy as
delivered by IMD 220 may not precisely match the therapy parameter values contained in
the formatted data file 226 such that a miscompare results. In this case, it may not be
desirable to create an eniry in validation resulis 246, but it may never-the-less be desirable
to provide the incremental therapy adinstment to IMD 220 via automated
programmer 160, since this will most closely mimic how the IMD 220 will be operating in
day-to-day use by a patient.

Several mechanisms may be used by control script 230 to detect and manage the
foregoing types of situations. In one embodiment, the table that is pre-loaded ounto
EMID 220 for use in performing closed-loop therapy adjustment may be made accessible to
control script 230, When a miscompare resulis, control script 230 may compare the
therapy parameter values measured by measurement module 42 of IME 220 to those
contained in the applicable table entry that corresponds to the patient’s posture state that
was being assumed at the time the therapy parameter values were measured. Ifthe
measured therapy is consistent with these therapy parameter values, it is determined that
the IMD is responding appropriately to the closed-loop mechanism in use at that time. In

this case, it may be desirable to omit a step of creating an entry in validation results 246,
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since the miscompare is likely the result of inconsistent patient adjustments.

Alternatively, an entry may be created in validation resulls 246 indicating that the
delivered therapy was consistent with the table data but inconsistent with therapy
parameter values obtained during data collection. (Un the other hand, if the measured
therapy is not consistent with the parameters in the pre-loaded table, i may be desirable to
create an entry in validation results 246 to indicate that a closer analysis of the situation by
technicians is warranted.

In the foregoing cases, a determination must also be made as to whether to request
an incremental therapy adjustment. Several embodiments exist. In one case, all such mis-
compares could be handled by conirol script 230 issuing a therapy adjustment request to
automated programmer 160 to adjust therapy according to the therapy parameter values of
formatted data file 226. Alternatively, such adjustments may only be requested when the
actual therapy delivered by IMD 220 is within some tolerance {(e.g., some percentage
value) of that reflected by the therapy parameter values of the formatted data file 226.
This will generally result in therapy adjustments for those cases wherein the patient’s
selected therapy varies incrementally from day-to-day, for instance. Howsever, this will
likely not result in therapy adjustments for those scenarios wherein the patient neglected
entirely to initiate adjustments such that the delivered therapy was significantly different
from that recorded in formatted data file 226. This type of operation may be desired since
it most closely mimics how MDD 220 will be used in real-life situations.

The types of determinations and decisional logic described above may be
embodied by adjust logic 245 of control seript 230. This logic may be provided to
determine how to handle miscompares, including whether to create an entry in validation
results 246 and/or whether to reguest an adjustment via automated programmer 160 in
response to such a miscompare. Adjust logic 245 may be configured according to
preferences of the technicians performing validation. In one embodiment, adjust logic 243
may be programmable, allowing the technicians to determine the types of situations in
which eniries are created in validation results 246 to report potential problems, and/or
when to issue adjustments as a result of a miscompare.

The foregoing description discusses a situation wherein IMD 220 is pre-loaded
with a table to conirol closed-loop operation of IMID» 220, Thus, IMI} 220 commences

closed-loop operation at the start of the validation phase. In another embodiment,
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IMD 220 may build the table that will be used for closed-loop operation from the data
contained in the formatted data file. In this embodiment, when the validation phase
commences, control script 230 will provide the therapy parameter values from formatted
data file 226 to automated programmer 160, which will, in turn, communicate these
adjostments to IMD 220, IMD 228 will record the therapy parameter values in a table in
association with the patient parameter values that were being sensed by the sensor of the
IMD (8.g., sensor 40) contemporansously with the receipt of the therapy parameter values.
In addition, IMD 220 will adjust therapy accordingly.

Therapy adjustments made by IMD 220 will be detected by measurement
module 42, communicated as validation data 242 to automated programmer 160, and
forwarded to compare logic 244 for comparison against the therapy parameter values from
formatted data file 226, A miscompare may result in the creation of an eniry in validation
results 246 in the manner described above.

In the above-described manner, at the outset of the validation phase, IMD 220 will
receive therapy adjustments that are used to populate a table creating associations between
patient paramcter values and therapy parameter values, As this {able is populated, a set of
therapy parameter values will eventually be retrieved from formatted data file 226 by
conirol seript 230 that is associated with a posture state for which a table entry already
exists. That is, IMI» 220 has already handled this posture state at least once before during
validation. It may be desirable for control seript 230 {o detect this type of scenario so it
may be handled appropriately. One way control script 230 may detect this scenario is by
using a same, or similar alporithm, as is being used by IMI» 220 to build a table that
duplicates that being built by IMD 220. This table may then be used by control script 230
to determine whether an entry already exists for a given posture state described by patient
parameter values.

When control script 230 determines that therapy parameter values have been
obitained from formatted data file 226 that are associated with patient parameter values that
are already represented by a table entry, several courses of action may be taken. In one
scenario, control seript 230 may delay issuing a therapy adjustment to automated
programmer 160, Instead, control script may wait until IMD 220 has an opportunity to
adjust therapy according to the table values. Measurement module 42 of IMD 220 will

convey detected therapy parameter values to avtomated programmer 160, which will
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forward these values to control script 230 for validation. If they correspond to the therapy
parameter values of the applicable table eniry, control script 230 can handle any mismatch
between the measured values and the therapy parameter values in one of the ways
described above. That is, if the measured values correspond to the table values, control
script may forego creating an entry in validation results 246, and may additionally prompt
autormnated programmer 160 to adjust therapy only if the measuared values and the vahies
from formatted data file 226 are within a certain tolerance of one another. Alternatively,
control script 230 may handle this type of scenarios by always creating an entry in
validation results 246 and/or always {ssuing a request to adjust therapy according fo the
data in formatted data file 226, As yet another alternative, adjustments may never be
issued to IMD 220 in this type of situation. Again, these decisions are largely design
choices, and may be programmable in one embodiment by adjusting contro! settings
associated with adjust logie 245,

As noted above, accurate operation of the system of FIG. 11 depends on the ability
of interface layer 234 to control automated device 222 so that a sensor 40 of IMD 220 will
produce the same patient parameter values as were produced by a sensor of sensor
fogic 152 during data collection. To ensure that is true, validation of interface layer 232
must be performed.

FIG. 12 15 a block diagram of one system for verifying that interface layer 234 of
automated device 222 is operating to accurately reproduce the patient posture states.
Many of the elements of FIG. 11 are included in the system of FIG. 12. A primary
difference, however, is that in FIG. 12 sensor logic 152 is affixed to automated device 222
rather than IMD 220, Sensor logic 152, or logic similar to sensor logic 152, is coupled to
antomated device 222 and calibrated so that sensor 180 generates a predetermined
calibration vector { X1, Y1, Z1] when the vector [X1, Y1, Z£1] is interpreted by interface
layer 234, Thereafter, the entire sequence of patient paramneter values contained with test
data file 174 is provided to interface layer 234, Assuming interface layer 234 accurately
controls gutomated device 222 to re-create the posture states of patient that occurred
during data coliection, including both patient postures and activities, sensor logic 152
should generate the same output signals indicating the same posture states as those
represented by test data file 174, To verify this, the output of sensor logic 152 is recorded

as verification data 260, This recordation may be performed via a wireless or a hardwired
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communication link between sensor logic 152 and another device, such as atomated
programmer 160, The verification data is then compared by compare logic 262 to the
posture and activity data included in fest data 174, If the comparison indicates a
difference between the two, interface layer 234 is not asserting proper control over
automated device 222, or some other problem exists within the hardware of automated
device itself, This situation must be addressed before validation of a device may be
initiated.

FIG. 13 is a flow diagram illustrating one method of performing validation of an
IMIY, The IMD s configured to operate according to a closed-loop control mechanism
that takes into account the associations formed between the recorded patient parameter
values and the therapy parameter values that were recorded during data collection (280).
This IMD s affixed to an automated device (291), which may be a robotic arm. The
recorded patient parameter values are utilized to control the sutomated device o
automatically recreate the sequence of conditions experienced by the patient (2923, which
mnay be a sequence of posture states assumed by the patient during data collection.
Therapy is provided by the IMD according to the closed-loop control mechanism while the
IMD is subjected to the re-created seguence of conditions (294). Therapy provided by the
IMID is detected and compared to the recorded therapy parameter values and validation
data indicating potential inconsistencies befween the two is recorded (296). At
predetermined times, the recorded therapy parameter values obtained during data
coliection are provided to the IMD to supplement and/or modify the closed-loop control
mechanism (298). This includes making adjustments to therapy when potential
inconsisiencies exist between detected therapy and the therapy that is expected. This ailso
includes issuing therapy adjustiments to the IMD at the start of the validation phase in an
embodiment wherein the IMD is populating a data structure for controlling closed-loop
operation at the start of the validation phase,

The foregoing examples describe automated techniques for testing a medical
device which may, but need not, be an implantable device. The testing utilizes one or
more sensors that detect posture states. Such sensors may include, but are not Himited to,
gyroscopes, accelerometers, strain gages, pressure fransducers, impedance monitoring
devices (e.g., for measuring thoracic impedance}, electrodes to detect some other electrical

signal produced by a living body, and so on. The one or more sensors may be
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appropriately positioned within the patient or on an external surface of the patient. It is
understood that the deseribed mechanisms are illustrative, and those skilled in the art may
contemplate other embodiments and adaptations of these technigues. Therefore, the
description above is not to be considered limiting, with the scope of the invention {0 be set

forth by the claims that follow.
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What is claimed is:

1. A method of testing a medical device, comprising:
recording therapy parameter values describing therapy being delivered to a patient;
recording a sequence of patient parameter values indicative of at least one of
posture and activity of the patient occurring while the therapy is being delivered;
controlling an antomated device to reproduce the seguence of patient parameter
values; and
validating that the medical device is delivering therapy in accordance with the
recorded therapy parameter values while the medical device 18 experiencing conditions

resulting from controlling of the automated device.

2. The method of Claim 1, further comprising utilizing an accelerometer to record the

sequence of patient parameter values.

3. The method of Claim 2, wherein recording the sequence of patient parameter

values 1s performed by sensor logic carried by the patient.

4, The method of Claim 1, wherein recording therapy parameter values is performed
by a programmer.

5. The method of Claim 4, wherein the programmer is receiving the patient parameter
valnes from a sensor and is executing a closed-loop algorithm to control the therapy while

the therapy parameter values are being recorded.

6. The method of Claim 1, wherein the medical device is an implantable medical

device for generating neurostimulation therapy.

7. The method of Claim 1, further including:
recording in an eDiary conditions indicative of the sequence of patient parameter
values; and

utilizing the recorded conditions to verify the sequence of patient parameter values.



10

>
o

i
o

30

WO 2010/033366 PCT/US2009/055204

g. The method of Claim 1, wherein conirolling the automated device to reproduce the
sequence of patient parameter values includes:

attaching the medical device to the astomated device;

providing the recorded sequence of patient parameter values to control the
automated device; and

reproducing, by the automated device, conditions that resulted in sensing the

sequence of patient parameter values.

9. The method of Claim 8, wherein reproducing the conditions comprises orienting

the medical device in one or more predetermined positions,

1. The method of Claim 8, wherein reproducing the conditions comprises reproducing

one or more predetermined activity states.

11.  The method of Claim 1, further including verifying that the sequence of patient

parameter values is being reproduced accurately.

12, The method of Claim 11, wherein verifying that the sequence of patient parameter
values is being reproduced accurately includes:

utilizing an accelerometer to record a second sequence of patient parameter values
during the reproducing step; and

comparing the second sequence of patient parameter values to the sequence of

patient parameter valoes.

13.  The method of Claim 1, wherein validating that the medical device 1s delivering
therapy in accordance with the recorded therapy parameter values includes comparing
second therapy parameter values describing the therapy delivered by the medical device to

the recorded therapy parameter values,
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14.  The methed of Claim 13, wherein validating that the medical device is delivering
therapy in accordance with the recorded therapy parameters includes delivering, by the

medical device, therapy in response to a closed-loop algorithm.

15.  The method of Claim 14, wherein recording therapy parameter values comprises

operating the medical device in response to an open-foop algonithm,

16.  The method of Claim 13, further comprising at least one of measuring by the
medical device the therapy parameter values and measuring by the medical device the

second therapy parameter values.

17. The method of Claim 1, wherein the medical device includes a sensor, and wherein
validating that the medical device is delivering therapy in accordance with the recorded
therapy parameter values includes causing the sensor to substantially generate the

sequence of patient parameter values.

18.  The method of Claim 17, further comprising delivering, by the medical device,
therapy according to a closed-loop algorithm in response to the generated sequence of

patient parameter valuss.

19, The method of Claim 1, further including automatically providing therapy
adjustments to the medical device that correspond to the recorded therapy parameter

values while reproducing the sequence of patient parameter values.

20.  The method of Claim 1, wherein the medical device is an froplantable medical
device, and wherein recording therapy parameter vahues describing therapy being
delivered to a patient includes transferring the therapy parameter values to a storage device

external to the patient.

21, A system for automatically testing a medical device, comprising:
a therapy delivery module to deliver therapy to a patient sccording to therapy

parameter values;

(2]
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a sensor to sense patient parameter values indicative of one or more posture states
assurned by the patient while the therapy is being delivered; and

an automated system coupled to receive the patient parameter valoes and the
therapy parameter values, o reproduce conditions indicated by the patient parameter
values, and o validate that the medical device provides therapy sccording to the therapy

parameter values while the medical device is subjected to the reproduced conditions.

22, The system of Claim 21, wherein the sensor is an accelerormeter carried externally
by the patient,
23.  The system of Claim 21, further comprising a progranuner communicatively-

coupled to provide the therapy parameter values to the therapy delivery module.

24, The system of Claim 23, wherein the programmier 18 a patient programmer utilized
by the patient to request adjustments to the therapy delivered by the therapy delivery

module.

25, The system of Claim 23, wherein the programmer is communicatively coupled to
the sensor o receive the patient parameter values, and wheretn the programmer is
executing a closed-loop algorithm o cause the therapy delivery module to deliver the

therapy.

26.  The system of Claim 21, further comprising data analysis logic to create
associations between the therapy parameter values and the patient parameter values based
on timestamps, and wherein the automated system wtilizes the associations to validate that

the medical device provides therapy according to the therapy parameter values,

27.  The system of Claim 21, further comprising an automated programumer {o provide
at east some of the therapy parameter values o the medical device while the seguence of

conditions is heing reproduced.

L
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28, The system of Claim 21, further including & second sensor included in the medical
device, and wherein the medical device is executing a closed-loop algorithm in response to

gutput from the second sensor to provide the therapy.

29, A system to automatically verify operation of an implantable medical device,
comprising:

a first implantable medical device carried by a patient to deliver therapy to the
patient according to therapy parameter values;

a sensor carried by the patient to sense posture states assumed by the patient during
delivery of the therapy,

an automated device to automatically re-create the posture states;

an automated programmer to anfomatically generate ai least some of the therapy
parameter values;

a second implantable medical device to deliver therapy in response to the
antomaticaily-generated therapy parameter values while being subjected to the
automatically re-created posture states; and

compare logic communicatively coupled io the second implaniable medical device
o determine whether the therapy delivered by the second implantable medical device is

substantially similar to the therapy delivered by the first implantable medical device.
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