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SELECTION OF NEUROSTIMULATOR PARAMETER
CONFIGURATIONS USING DECISION TREES

TECHNICAL FIELD
[0001] The invention relates to neurostimulation therapy and, more particularly, to
techniques for selection of parameter configurations for an implantable

neurostimulator.

BACKGROUND
[0002] Implantable medical devices are used to deliver neurostimulation therapy to
patients to treat a variety of symptoms or conditions such as chronic pain, tremor,
Parkinson’s disease, epilepsy, incontinence, sexual dysfunction, or gastroparesis.
The implantable medical device delivers neurostimulation therapy via one or more
leads that include electrodes located proximate to the spinal cord, pelvic nerves,
sacrum, or stomach, or within the brain of a patient. In general, the implantable
medical device delivers neurostimulation therapy in the form of electrical pulses.
[0003] A clinician selects values for a number of programmable parameters in
order to define a parameter configuration for the neurostimulation therapy to be
delivered to a patient. For example, the clinician may select an amplitude, which
may be a current or voltage amplitude, and pulse width for a stimulation waveform
to be delivered to the patient, as well as a rate at which the pulses are to be
delivered to the patient, and duration for which the stimulation energy is delivered.
In addition, the clinician also selects particular electrodes within an electrode set to
be used to deliver the pulses, and the polarities of the selected electrodes. The
electrode combinations and polarities may be referred to as an electrode
configuration. Hence, a parameter configuration may involve one or more of a
variety of parameters including electrode configuration, amplitude, pulse width,
pulse rate, and duration.
[0004] The process of selecting parameter configurations can be time consuming,
and may require a great deal of tral and error before an optimum electrode
configuration 1s discovered. The optimum parameter configuration may be better
than other configurations in balancing clinical results and side effects experienced

by the patient. This balance represents overall efficacy of a parameter
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configuration. The process for selecting parameter configurations can be ditficult
due to the combinatorial possibilities of parameters, the complexity of the
underlying biophysics, and subjective and possibly inconsistent feedback from the

patient concerning observed efficacy for a given parameter contiguration.

SUMMARY
[0005] In general, the invention is directed to a technique for selection of
parameter configurations for a neurostimulator using decision trees. The technique
may be employed by a programming device to allow a clinician to select parameter
configurations, and then program an implantable neurostimulator to deliver therapy
using the selected parameter configurations.
[0006] A parameter configuration may define one or more parameters for delivery
of neurostimulation, such as electrode configuration, amplitude, pulse width, pulse
rate, or duration. For example, the parameter configurations may define electrode
configurations that specify electrode combinations and polarities for an electrode
set implanted in a patient. The electrode set may be carried by one or more
implanted leads that are electrically coupled to the neurostimulator. In some
embodiments, the parameter configurations may further define one or more
parameters such as amplitudes, pulse widths, pulse rates, and durations of
stimulation energy delivered by electrodes in the electrode configuration.
[0007] In operation, the programming device executes a parameter configuration
search algorithm to guide the clinician in the selection of parameter configurations.
The search algorithm relies on a decision tree to identify potential optimum
parameter configurations, such as electrode configurations within an electrode set.
The decision tree provides guidance 1n the electrode configuration selection
process, interactively guiding the clinician by suggesting the configurations that
are most likely to be efficacious given the results of determinations along the path
of the decision tree based on efficacy observations already performed during an
evaluation session.
[0008] A decision tree 1s useful in classifying observations in a data set based upon

one or more attributes or fields within the data. Decision trees can be built by hand
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by experts in the field or can be learned from the data sets themselves using
existing algorithms, e.g., ID3, C4.5, and the like.

[0009] In accordance with the invention, hierarchical decision trees, which are
either learned or designed, guide the process of parameter optimization. The data
set includes parameter configurations matched with observed ratings ot efficacy on
patients of a similar symptomatic indication. The learned attribute, on which
classification occurs, will be the optimum parameter configuration for a given set
of rated configurations, which are used to produce the classification. The decision
trees may be especially useful in 1dentifying electrode configurations. With the aid
of the decision trees, a programming device provides a clinician with suggestions
of which configurations are most likely to be etficacious.

[0010] In one embodiment, the invention provides a method comprising selecting a
first parameter configuration for a neurostimulator, receiving an indication of
observed efficacy of the first parameter configuration, and selecting a second
parameter configuration for the neurostimulator based on the indication of
observed efficacy and a set of additional electrode configurations identified by a
decision tree.

[0011] In another embodiment, the invention provides a computer-readable
medium comprising instructions to cause a processor to select a first parameter
configuration for a neurostimulator, receive an indication of observed efficacy of
the first parameter configuration, and select a second parameter configuration for
the neurostimulator based on the indication of observed efficacy and a set of
additional electrode configurations identified by a decision tree.

[0012] In a further embodiment, the invention provides a device comprising a
processor programmed to select a first parameter configuration for a
neurostimulator, receive an indication of observed efficacy of the first parameter
configuration, and select a second parameter configuration for the neurostimulator
based on the indication of observed efficacy and a set of additional electrode
configurations identified by a decision tree.

[0013] The invention may provide a number of advantages. For example, the
invention may allow a clinician to more quickly identify desirable parameter

configurations such as electrode combinations, reducing the overall amount of time
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the clinician spends programming neurostimulation therapy for ‘a patient. In
contrast to random or idiosyncratic search techniques, a technique based on
decision trees is capable of learning from the evaluation of earlier parameter
configurations, and developing a decision tree that is more likely to lead to an
optimum configuration. In general, the invention can reduce the length of a
programming session for the clinician and the patient, and support selection of
optimum electrode configurations to achieve overall efficacy. In addition, with the
invention, it may be possible to identify optimal or near optimal parameter

configurations that otherwise might not be identified by the clinician.

BRIEF DESCRIPTION OF DRAWINGS
[0014] FIG. 1 1s a diagram 1llustrating a system for programming and delivering
neurostimulation therapy.
[0015] FIG. 2 is a diagram 1llustrating an example electrode set implanted
proximate to the spine of a patient.
[0016] FIG. 3 1s a block diagram illustrating a programming device used to identify
desirable parameter configurations for neurostimulation therapy programs.
[0017] FIG. 4 1s a diagram 1llustrating the structure of a decision tree configured to
identify therapy, device and symptomatic indications.
[0018] FIG. 5 is a diagram 1llustrating the structure of a decision tree configured to
1dentify a lead and electrode configuration.
[0019] FIG. 6 is a flow diagram illustrating a search algorithm that i1s executable by

a programmer to select electrode configurations using a decision tree.

DETAILED DESCRIPTION
[0020] FIG. 1 1s a diagram 1llustrating an example system 10 for programming
neurostimulation therapy for and delivering neurostimulation therapy to a patient
12. System 10 includes an implantable medical device (IMD) 14 that delivers
neurostimulation therapy to patient 12. IMD 14 may be an implantable puise
generator, and may deliver neurostimulation therapy to patient 12 in the form of
electrical pulses. System 10 makes use of decision trees for selection of parameter

configurations, such as electrode configurations.
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10021] IMD 14 delivers neurostimulation therapy to patient 12 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 12, and IMD 14 may deliver spinal cord
stimulation (SCS) therapy to patient 12 in order to, for example, reduce pain
experienced by patient 12. However, the invention i1s not limited to the
configuration of leads 16 shown in FIG. 1 or the delivery of SCS therapy. For
example, one or more leads 16 may extend from IMD 14 to the brain (not shown)
of patient 12, and IMD 14 may deliver deep brain stimulation (DBS) therapy to
patient 12 to, for example, treat tremor or epilepsy. As further examples, one or
more leads 16 may be implanted proximate to the pelvic nerves (not shown),
sacrum (not shown) or stomach (not shown), and IMD 14 may deliver
neurostimulation therapy to treat incontinence, sexual dysfunction, or
gastroparesis.

[0022] IMD 14 delivers neurostimulation therapy to patient 12 according to one or
more neurostimulation therapy programs. A neurostimulation therapy program
may include values for a number of parameters, and the parameter values define a
parameter configuration for delivery of the neurostimulation therapy delivered
according to that program. In embodiments where IMD 14 delivers
neurostimulation therapy in the form of electrical pulses, the parameters may
include pulse voltage or current amplitudes, pulse widths, pulse rates, durations
and the like. Further, each of leads 16 includes electrodes (not shown 1n FIG. 1),
and the parameters for a program may include information identifying which
electrodes have been selected for delivery of pulses according to the program, and
the polarities of the selected electrodes. Hence, a parameter configuration may
involve one or more of a variety of parameters including electrode configuration,
amplitude, pulse width, pulse rate, and duration. Although the invention may be
applicable to neurostimulation parameter configuration in general, including
configuration of parameters such as amplitude, pulse width, pulse rate, duration
and electrode configuration, the invention generally will be described for purposes
of illustration in the context of determining an electrode configuration.

[0023] A selected subset of the electrodes located on leads 16 and the polarities of

the electrodes of the subset collectively define an “electrode configuration.” The
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electrodes may be arranged in a standard inline lead configuration, or as a surgical
paddle lead, grid or other format. The electrodes may be associated with different
target regions within a body of a patient. Electrode configurations refer to
combinations of single or multiple cathode electrodes and single or multiple anode
electrodes. Stimulation current flows between the cathodes and anodes for
delivery of neurostimulation therapy. Hence, the polanties of the individual
clectrodes are another feature of the electrode configuration. Electrodes forming
part of an electrode configuration may reside together on a single lead or on
different leads.

[0024] System 10 also includes a programmer 20. Programmer 20 may, as shown
in FIG. 1, be a handheld computing device. Programmer 20 includes a display 22,
such as a LCD or LED display, to display information to a user. Programmer 20
may also include a keypad 24, which may be used by a user to interact with
programmer 20. In some embodiments, display 22 may be a touch screen display,
and a user may interact with programmer 20 via display 22. A user may also
interact with programmer 20 using peripheral pointing devices, such as a stylus or
mouse. Keypad 24 may take the form of an alphanumeric keypad or a reduced set
of keys associated with particular functions.

[0025] A clinician (not shown) may use programmer 20 to program
neurostimulation therapy for patient 12. In particular, the clinician may use
programmer 20 to create neurostimulation therapy programs. As part of the
program creation process, programmer 20 allows the clinician to 1dentity
parameter configurations that enable IMD 14 to deliver neurostimulation therapy
that is desirable in terms of, for example, symptom relief, coverage area relative to
symptom area, and side effects. Programmer 20 may also allow the clinician to
identify parameter configurations that enable IMD 14 to deliver eftective
neurostimulation therapy with desirable device performance characteristics, €.g.,
low battery consumption. In addition, techniques as described herein may used to
optimize therapy over the course of use of a chronically implanted IMD, e.g., by
interaction between patient 12 and a patient programmer to record efficacy
observations over time. In this case, a programmer carried by the patient may

incorporate some or all of the functionality attributed to programmer 20 as
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described herein, including functionality designed to assist in identification of
parameter configurations using decision trees.

[0026] Programmer 20 controls IMD 14 to test parameter configurations in order
to allow a clinician to 1dentify desirable parameter contigurations in an efficient
manner. As will be described in greater detail below, in some embodiments,
programmer 20 selects parameter configurations to test based on an electrode
configuration search algorithm, as described herein. In particular, according to
such an algorithm, programmer 20 may first control IMD 14 to test one or more
electrodes to 1dentity a first electrode configuration, and then test other electrode
configurations based on guidance built into the search algorithm.

[0027] Other neurostimulation parameters such as amplitude, pulse width, pulse
rate, and duration also may be evaluated with the electrode configuration. For
example, various parameters may be observed simultaneously with observation of
each electrode configuration. Alternatively, once a smaller set of electrode
configurations has been identified as providing efficacy for a given baseline set of
amplitude, pulse width and pulse rate, then different amplitude, pulse width and
pulse rate parameters may be iteratively observed for that smaller set of electrode
configurations. By controlling IMD 14 to test electrode configurations in an
intelligent manner, programmer 20 allows the clinician to more quickly identify
desirable electrode configurations. Duration of the delivery of neurostimulation
energy also may be observed. In this manner, amplitude, pulse width, and pulse
rate parameters need not be evaluated for every electrode configuration, and
especially those electrode configurations that are eliminated from consideration by
the decision tree.

[0028] By controlling IMD 14 to test parameter configurations 1n an intelligent
manner, programmer 20 allows the clinician to more quickly identify desirable
parameter configurations, reducing the overall amount of time the clinician spends
programming neurostimulation therapy for patient 12. For example, in contrast to
existing neurostimulation programming systems that present electrode
configurations in a random order or idiosyncratic search methodologies employed
by clinicians, programmer 20 may select electrode configurations to test in a way

that 1s more likely to enable desirable configurations to be selected earlier in the
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search. Consequently, the clinician may be able to end the search before all
potential electrode combinations have been tested if one or more desirable
configurations have already been identified, saving the amount clinician and
patient time required to achieve an efficacious electrode configuration. In addition,
with the invention, it may be possible to identify optimal or near optimal parameter
configurations that otherwise might not be identified by the clinician.

[0029] Even if the clinician elects to test all potential electrode combinations, €.g.,
if the electrode set is small enough to make testing all electrode configurations
practical, programmer 20 may reduce the time required to identify desirable
electrode configurations by automating selection of each new configuration to test.
Additionally, programmer 20 may improve the search process by collecting
efficacy information for each combination tested. As will be described 1n greater
detail below, programmer 20 may present a list of electrode configurations to the
clinician, ordered according to the efficacy information, allowing the clinician to
more easily identify and select desirable configurations. This list of electrode
configurations may be ordered and updated according to newly observed etficacy
information as additional electrode configurations are evaluated. Similar
techniques may be applied for other neurostimulation parameters forming part of a
parameter configuration, such as amplitude, pulse width, pulse rate, and duration.
[0030] In order to control IMD 14 to test electrode combinations, programmer 20
may communicate with IMD 14 via telemetry techniques known in the art. For
example, programmer 20 may communicate with IMD 14 via an RF telemetry
head (not shown). Information identifying desirable combinations of electrodes
identified by the clinician may be stored as part of parameter configurations
associated with neurostimulation therapy programs. Neurostimulation therapy
programs created by the clinician using programmer 20 may be transmitted to IMD
14 via telemetry, and/or may be transmitted to another programmer (not shown),
e.g., a patient programmer, that is used by patient 12 to control the delivery of
neurostimulation therapy by IMD 14.

[0031] FIG. 2 is a block diagram illustrating an example configuration of leads 16.
In the example configuration, lead 16A includes electrodes 26 A-26H, and lead 16B
includes electrodes 261-26P. Hence, each lead 16 includes eight electrodes,
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although a lesser or greater number of electrodes are possible. Electrodes 26A-P
(collectively “electrodes 26””) may be ring electrodes. Electrodes 26 collectively
form an electrode set 28 implanted within patient 12. As shown in FIG. 2,
electrode set 28 includes eight electrodes on each of the two leads 16, which, as
shown in FIG. 1, are implanted such that they are substantially parallel to each
other and spinal cord 18 (FIG. 1), on substantially opposite sides of spinal cord 18,
at approximately the same height relative to spinal cord 18, and oriented such that
the distal ends of leads 16 are higher relative to the spinal cord than the proximal
ends of leads 16. Therefore, the illustrated configuration of electrode set 28 may
be described as a two-by-eight, side-by-side, upwardly oriented configuration. Of
course, electrode set 28 is provided for purposes of example, and the invention
may be applicable to other types of leads and electrode sets, including single lead
electrode sets, flat paddle leads, grid arrays, and the like.

[0032] Such an electrode set 1s commonly used to provide SCS therapy. However,
programmer 20 may be used to identify desirable combinations of electrodes
within electrode sets that are configured in any way, and used to provide any type
neurostimulation therapy. For example, a single lead including four or eight
electrodes, two leads including four electrodes per lead, in-line leads, and oftset
leads, all of which may be oriented in any manner relative to patient 12, provide
electrode set configurations that may be searched by programmer 20. In the
example of FIG. 2, electrodes 26 are placed on opposite sides of the T7 vertebra 23,
T8 vertebra 25 and T9 vertebra 27 of a human spine.

[0033] IMD 14 (FIG. 1) may deliver neurostimulation via any combination of
electrodes 26. IMD 14 may independently activate each electrode 26 of set 28 to
act as a cathode or anode for a configuration, and each configuration will include at
least one cathode and at least one anode. In some embodiments, it 1s possible that
an electrode configuration may include a single electrode 26 acting as the cathode,
with a can of IMD 14, i.e., the IMD housing, acting as the anode for the
configuration.

[0034] In an electrode configuration, electrons flow from one or more electrodes
acting as anodes for the configuration to one or more electrodes acting as cathodes

for the configuration. The current between anodes and cathodes stimulates neurons
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between and proximate to the anodes and cathodes. Generally speaking, an
electrode configuration enables desirable neurostimulation therapy when current 1s
delivered in a direction and with an intensity sufficient to stimulate specific
neurons or a sufficient number of specific neurons to alleviate a symptom without
causing unacceptable side effects. Further, an electrode configuration enables
desirable neurostimulation therapy when the symptom 1s alleviated without
resorting to undesirably high pulse amplitudes.

[0035] As mentioned above, programmer 20 selects individual electrodes 26 or
electrode configuration to test to allow a clinician to identify desirable electrode
configuration according to an electrode search algorithm. Programmer 20 may
select an appropriate search algorithm based on the configuration of electrode set
28, and may select electrodes 26 or electrode configurations based on the selected
search algorithm. Programmer 20 controls IMD 14 to test a selected electrode 26
or electrode combination by controlling IMD 14 to deliver neurostimulation via the
selected electrode 26 or combination.

[0036] In some embodiments, programmer 20 may first control IMD 14 to test one
or more of electrodes 26 individually to identify the individual electrode or
electrodes 26 which will act as a first cathode. In other embodiments, programmer
20 starts with a combination of selected electrodes 26. Generally, a clinician
implants leads 16 in a location such that the center of electrode set 28 1s proximate
to an area that the clinician believes should be stimulated in order to alleviate
symptoms. Therefore, programmer 20 may test electrodes 26 as the first cathode
in an order such that electrodes 26 located centrally within electrode set 28, e.g.,
electrodes 26D-E and 26L-M illustrated in FIG. 2, are tested before peripherally
located electrodes. If the clinician’s estimation of the target region 1s inaccurate,
programmer 20 will continue to test individual electrodes 26 1n such an order until
one of the electrodes 26 that enables desirable neurostimulation therapy when
activated as the first cathode 1s identified. Initially locating a first cathode provides
a “‘coarse” optimization of electrode combinations, allowing programmer 20 and

the clinician to quickly identify the general area to which neurostimulation therapy

should be delivered.
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10037] Programmer 20 may then control IMD 14 to test electrode configurations
that include the first cathode. The various electrode configurations may be tested
with a common set of stimulation parameters, such as a common voltage or current
amplitude, frequency, and pulse width. In some embodiments, a series of difterent
stimulation parameters may be applied for each combination of electrodes to test
not only the efficacy of electrode combinations, but also electrode combinations
with particular stimulation parameters such as amplitude, frequency and pulse
width. Hence, an electrode configuration may apply to the combination of
electrodes forming part of the neurostimulation parameter configuration, and the
parameters associated with delivery of neurostimulation energy via the electrodes,
such as amplitude, pulse width and pulse rate, may form another part of the
parameter configuration.

[0038] Programmer 20 may control IMD 14 to try different ones of electrodes 26
as the first anode 1n a pair with the first cathode, and may add additional anodes
and/or cathodes. In accordance with an embodiment of the invention, programmer
20 controls IMD 14 to test remaining electrodes 26 as first anodes, and additional
anodes or cathodes, based on electrode configurations identified by a decision tree.
The decision tree may be employed by programmer 20 to allow a clinician to select
electrode configurations, and then program IMD 14 to can lead to optimum
electrode configurations.

[0039] The search algorithm uses the decision tree to select possible electrode
configurations based on the efficacies of electrode configurations already observed
in the course of evaluation. The previous observations are used to build the
structure of the decision tree. The decision tree structure can be obtained from an
existing set of data, and can be updated based on efficacy information for newly
considered electrode configurations. In particular, the decision tree structure may
be updated based on new observations obtained for electrode configurations during
the search. The decision tree structure may be updated based on efficacy
information for a particular patient or a population or class of patients. With the
aid of the decision tree, a programmer 20 provides a clinician with suggestions of
electrode configurations that are likely to be efficacious given observations already

obtained during the selection process. In response, the clinician may select the

11
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suggested electrode configurations next. In some cases, the selection of electrode
configurations, or other parameters, may be automated in response to suggestions
generated using the decision tree. In other cases, the selection of the parameter
configurations may require human intervention from the clinician, but be aided by
the suggestions.

|0040] FIG. 3 1s a block diagram illustrating an example configuration of
programmer 20. A clinician or other user may interact with a processor 30 via a
user interface 31 in order to i1dentify and select electrode configurations as
described herein. User interface 31 may include display 22 and keypad 24 (FIG.
1), and may also include a touch screen or peripheral pointing devices as described
above. Processor 30 may also provide a graphical user interface (GUI) via user
interface 31 to facilitate interaction with a clinician, technician, or other medical
personnel. Processor 30 may include a microprocessor, a controller, a DSP, an
ASIC, an FPGA, discrete logic circuitry, or the like.

[0041] Clinician programmer 20 also includes a memory 32. Memory 32 may
include program instructions that, when executed by processor 30, cause clinician
programmer 20 to perform the functions ascribed to clinician programmer 20
herein. For example, processor may execute one or more parameter configuration
search algorithms 34 stored within memory 32. In particular, processor 30 may
execute an electrode configuration search algorithm to select individual electrodes
26 or electrode combinations to test to allow the clinician to identify desirable
electrode combinations using decision trees. Search algorithm 34 executes based
on the content of a decision tree 36, which directs programmer 20 to electrode
configurations within electrode set 28 with expected efficacy.

[0042] Hence, programmer 20 provides interactive guidance to a clinician during
the process of optimizing implantable device parameters. In particular,
programmer 20 guides the clinician by suggesting the electrode configurations that
are most likely to be efficacious given the results of tests already performed during
the source of an evaluation session. This 1s accomplished by building the decision
tree based on the previous results.

[0043] Decision trees are useful for classifying observations in a data set based

upon one or more attributes or fields within the data. Trees can be built by hand by
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experts in the field of neurostimulation or can be learned from the data sets
themselves using known algorithms for building classification models, such as
ID3, C4.5, and the like. In accordance with the invention, programmer 20 uses
hierarchical decision trees, either learned or designed, to guide the process of
parameter optimization.

[0044] The data set used to build the tree includes parameter configurations
matched with observed ratings of efficacy on patients of a similar symptomatic
indication. The learned attribute, on which classification occurs, will be the
optimum parameter configuration for a given set of rated configurations, which are
used for classification.

[0045] The decision tree search algorithm may be implemented as a feature on
programmer 20. In operation, at the beginning of a session, the user (e.g., a
clinician) answer a series of questions regarding the device implanted 1in the
patient, the lead configuration in terms of number of leads and electrodes, and the
patient symptomatic indication for therapy. Alternately, this information can be
stored as part of the patient record. These attributes inform a first decision tree that
serves to select the proper decision tree to perform the parameter optimization,
e.g., selection of an electrode configuration or other parameters. Thus, a first tree
drives selection of a second tree. This decomposition of the problem allows the
sub-trees to be much simpler and more computationally feasible.

[0046] Upon selection of a sub-tree for parameter optimization, programmer 20
prompts the user with the attribute at the root of the tree, i.e., a first parameter
configuration observation for the user to perform. The search algorithm then
collects the efficacy rating given to that configuration by'the patient, e.g., based on
a balance between therapeutic benefit and undesirable side effects. As examples,
efficacy can be observed by verbal feedback from the patient concerning
therapeutic benefit and side effects, marking of a pain/parasthesia map, objective
measurement using pain rating scales, quantification of side effects, a combination
of the forgoing, or other observation techniques. Based upon the efficacy rating,
the search algorithm consults the tree and prompts for the next parameter
configuration. This process continues until a satisfactory result 1s obtained or the

tree determines that no result 1s possible.
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[0047] It may be preferable to learn the optimum tree from actual data. For
purposes of illustration, however, FIGS. 4 and 5 depict partial decision trees that
have been designed by hand. The partial decision trees of FIGS. 4 and 5 address
the problem of selecting the optimum electrode configuration. The partial decision
tree of FIG. 4 represents a first level of the decision tree hierarchy, and is directed
to 1dentification of therapy, device, lead and symptomatic indication. Specifically,
the decision tree of FIG. 4 is design to identify the type of neurostimulation
therapy (44) to be applied to the patient, e.g., therapy directed to pain relief (46),
gastro disorders (48), movement disorders (50), or other disorders (52), such as
sexual dysfunction.

[0048] Upon i1dentifying the type of therapy, the decision tree of FIG. 4 proceeds
to identify the indicafion presented by the patient, e.g., movement disorder (MvD)
indication (54) for movement disorders, pain indication (56) for pain, gastro
indication (58) for gastro disorders, or other indications (60). In the case of pain
(48, 56), as an example, the decision tree proceeds to identify the particular pain
indication, e.g., pain in the lower back (62), leg (64), foot (66), or other area (68).
[0049] Next, upon identifying the particular therapy type and indication, the
decision tree of FIG. 4 proceeds to identify the type of device implanted in the
patient. In the example of FIG. 4, the decision tree determines whether the patient
has a device type A (72), B (74), or C (76), which may represent different available
neurostimulation devices. The different neurostimulation devices may have
different capabilities and target sites, and may be different models within a line of
neurostimulation devices.

[0050] Upon determination that the patient has an implanted neurostimulation
device of type C (76), as an example, the decision tree proceeds to determine the
lead configuration for the device, 1.¢€., the pain lead type (78). For example, the
decision tree queries whether the patient is implanted with a 2x8 configuration (80)
with two leads having eight electrodes each, a 1x8 lead (82), or a bifurcated lead
(84). In general, bifurcated lead 1s split into two i1dentical sets of electrodes. Upon
identification of the lead configuration, the search algorithm proceeds to the next
“sub” level in the decision tree hierarchy. In particular, the search algorithm

proceeds to the parameter optimization decision tree (86) of FIG. 5. Hence, the

14



CA 02538067 2006-03-08
WO 2005/028028 PCT/US2004/030138

search algorithm applies a first decision tree to determine a neurostimulation
therapy type, neurostimulation device type, lead type and symptomatic indication,
and applies a second decision tree based on the determination to select the second
parameter configuration. The second decision tree may be one of multiple decision
trees directed to different presentations, such as different neurostimulation
therapies, neurostimulation device types, lead types and symptomatic indications.
The determinations made with a first decision tree as shown in FIG. 4 drive the
selection of the appropnate tree for parameter optimization.

[0051] As shown 1n FIG. 5, the parameter optimization tree 1s generally arranged
to 1dentify an optimum electrode configuration in terms of a combination of
electrodes that 1s expected to yield beneficial results for the patient, given the
determinations already made by the first decision tree as shown in FIG. 4 with
respect to neurostimulation therapy type, neurostimulation device type, lead type
and symptomatic indication. The parameter optimization tree also may be
configured to evaluate polarities of the electrode combinations forming electrode
configurations. In accordance with the invention, a similar parameter optimization
tree may be used to identify other parameters within a parameter configuration,
which yield satisfactory efficacy. For example, a similar tree may be used for
amplitude, pulse width, pulse rate and duration, either independently from the
electrode configuration evaluation, or as part of the same process.

[0052] The various levels of the parameter optimization tree of FIG. 5 rely on
rating information concerning the efficacy of different electrode combinations,
€.g., In terms of efficacy and side effects. As examples, efficacy can be observed
by verbal feedback from the patient concerning therapeutic benefit and side effects,
marking of a pain/parasthesia map, objective measurement using pain rating scales,
quantification of side etfects, a combination of the forgoing, or other observation
techniques.

[0053] The decision tree of FIG. 5 1s arranged to link upper levels representing
given electrode configurations to lower levels that seek to further improve or at test
the efficacy of additional electrode configurations in an intelligent manner. Upon

traversing the tree structure of FIG. 5, the search algorithm arrives at an electrode
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configuration or, in some cases, multiple electrode configurations, that offer
adequate results, e.g., relative to an efficacy rating threshold.

[0054] For example, the decision tree of FIG. 5 may start with a root node such as
electrode combination LE23 (90), i.e., a combination of second and third
electrodes on a left hand lead. In some embodiments, the combination may also
designate a polarity. For example, the electrode combination LE23 may designate
the second electrode as the cathode and the third electrode as the anode in the
combination. If the combination produces a satisfactory efficacy rating, the
process terminates (92). In this case, electrode combination LE23 is selected. The
example of FIG. 5 uses a rating scale of 1 to 5, with 5 being best and 1 being
worst. In some embodiments, nodes with ratings of less than 3 may be discarded,
rather than expanded. If a rating of 5 is not achieved, then the root node 90 may be
expanded to explore other combinations. In FIG. 5, ratings of 4 and 3 yield
evaluation of additional next-level nodes 94, 96 directed to electrode combinations
LE34 and RE34. The next-level nodes may be determined by an expert in the
neurostimulation domain in building the tree or learned from data. Also, the tree
may be updated over time based on past observations of etficacy for particular
parameter configurations, either for a particular patient or a class of patients for
which the decision tree 1s formulated. Classes of patients may be determined
based on particular presentations of symptoms, age, health, gender, size, and the
like.

[0055] Nodes 94 and 96 may be similarly expanded and rated to yield final
electrode configurations 98, 100, or additional nodes 102, 104 in the case of node
94. The process may continue, yielding nodes 110 112, final electrode
configurations 114, 116, additional nodes 118, 120, final electrode configurations
122, 124, and so forth, depending on which branch of the tree 1s traversed based on
the rating information. In some embodiments, branches with higher ratings may be
traversed before branches with lower ratings. For example, a branch with a node
rating of 4, such as the branch stemming from node 94 may be evaluated before a
branch with a node rating of 3, such as the branch stemming from node 96.

[0056] If a particular branch yields an electrode configuration with a satisfactory

rating, such as 5, 1t is not necessary to consider the other branches. In this case, the
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other branches are considered only if previous branches have not yielded an
electrode configuration with satisfactory efficacy results, i.e., efficacy that satisfies
an etficacy threshold. Alternatively, a user may desire to evaluate all or some of
the additional branches before making a decision. In each case, an iteration limit
may be employed to limit the depth of iteration within the tree, including the depth
of expansion along a particular branch.

[0057] Processor 30 collects information relating to the parameter configurations
identified by the decision trees of FIGS. 4 and 5, and stores the information in
memory 32 for later retrieval and review by the clinician to facilitate identification
of desirable parameter configurations. Neurostimulation therapy programs 38
created by the clinician may be stored in memory 32, and information identifying
electrode configurations selected by the clinician to be utilized for one of programs
38 may be stored as part of the programs 38 within memory 32. Memory 32 may
include any volatile, non-volatile, fixed, removable, magnetic, optical, or electrical
media, such as a RAM, ROM, CD-ROM, hard disk, removable magnetic disk,
memory cards or sticks, NVRAM, EEPRﬁ)M, flash memory, and the like. Again,
memory 32 or other computer—readabi:?r'nedia may also store instructions to cause
processor 30 to perform techniques for selection of parameter configurations for a
neurostimulator, as described herein.

[0058] Processor 30 controls IMD 14 to test selected individual electrodes 26 or
electrode combinations, by controlling IMD 14 according to the decision tree to
deliver neurostimulation therapy to patient 12 via the selected individual electrodes
26 or electrode combinations via a telemetry circuit 40. Processor 30 may transmit
programs 38 created by the clinician to IMD 14 via telemetry circuit 40, or to
another programmer used by the patient to control delivery of neurostimulation
therapy via input/output circuitry 42. 1/O circuitry 42 may include transceivers for
wireless communication, appropriate ports for wired communication or
communication via removable electrical media, or appropriate drives for
communication via removable magnetic or optical media.

[0059] Using the decision tree structure, programmer 20 provides suggestions on
which electrode configurations are most likely to be efficacious. In this manner,

the decision trees can be used to guide the clinician to a set of optimum parameter
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configurations, such as electrode configurations, for evaluation, thereby reducing
the number of observations that need be made to ensure a good outcome. In other
words, the decision trees may permit the clinician to avoid a number of electrode
configurations that, based on previous experience, are unlikely to yield efficacious
results. Rather, the hierarchical structure of the decision tree leads to particular
electrode configurations that have been determined, from past observations, to be
more likely to produce optimum etficacy results.

[0060] FIG. 6 is a flow diagram illustrating a search algorithm that is executable by
a programmer to select parameter configurations using decision trees as described
herein. The example of FIG. 4 1s directed to electrode configurations for purposes
of illustration. As shown in FIG. 6, the algorithm involves accessing a decision
tree (126) that has been built for a parameter optimization problem, such as
identification of an electrode configuration. Again, the decision tree may be built
manually or through automated techniques. Upon initiating the search algorithm
(128), a first tree 1s used to select therapy, indication, device and lead configuration
(130). On this basis, the algorithm selects a second tree and, more particularly,
selects a root node in the second tree (132). The root node corresponds to a first
electrode configuration, and may be determined based on pain and region
indications obtained from the first tree. Alternatively, a user may select the root
node.

[0061] Upon receiving an indication of observed efficacy of the electrode
configuration associated with the current node (134), the algorithm determines
whether an efficacy threshold 1s satisfied (135). If the efficacy threshold is
satisfied, the algorithm terminates and proceeds to add the selected electrode
configuration associated with the current node in the decision tree to a
neurostimulation program stored by programmer 20. Again, the efficacy may be
rated positively in terms of pain relief or other therapeutic benefit, and negatively
in terms of side effects of the therapy. The search capability can be implemented
as a feature in an implantable device programmer 20. If the efficacy threshold 1s
not satisfied (135), the process expands the root node to select a next-level node

based on an indication of observed efficacy (136). For example, as indicated in
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FIG. 5, one of several next-level nodes may be selected based on the efficacy
rating of the root node.

[0062] The process then observes the efficacy of the next-level node (138). If the
efficacy threshold is satisfied (140), the electrode combination associated with the
next-level node is selected and added to the neurostimulation program (146). If the
efficacy threshold is not satisfied (140), and an iteration limit has been exceeded
(142), the algorithm terminates. In this case, the current electrode configuration
may be selected and added to a neurostimulation program (146), or the clinician
may be prompted to take other action. If the iteration limit 1s not exceeded (142),
the decision tree process continues iteratively (144) until the efficacy threshold is
satisfied or the 1teration limit 1s exceeded. The iteration limit may be established
by the clinician, or defined by the depth of the applicable decision tree. In some
embodiments, the clinician may elect to manually terminate the algorithm.

[0063] If the clinician stops the search before all possible combinations of
clectrodes 26 have been tested, programmer 20 may create a bracket of untested
combinations that the clinician may elect to include in neurostimulation therapy
programs. The bracket may consist of any number of electrode combinations, and
may comprise the next n combinations that would have been tested according to
the electrode combination search algorithm. By providing the clinician with a
bracket, programmer 20 may allow clinician to spend less time searching for
desirable electrode combinations in a subsequent programming session.
Specifically, the programs created using the bracket combinations may enable
desirable neurostimulation therapy similar to that provided in a program created
with the most recently tested combination, and may be provided to patient 12 so
that patient 12 can experiment with the bracket programs outside of the clinic.
[0064] As described herein, programmer 20 controls IMD 14 to test electrode
configurations by controlling IMD 14 to deliver neurostimulation therapy via
combinations of electrodes. In addition, programmer 20 may be configured to
facilitate a search for other optimum therapy parameters. For example, the
clinician or programmer 20 may select desired starting points for pulse amplitude,
rate, pulse width, and duration for each electrode configuration, and programmer

20 may ramp the amplitude from the starting point at a first rate of amplitude
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increase using similar techniques. Programmer 20 may increase the amplitude in,
for example, a linear or step-wise fashion. In some embodiments, the clinician or
patient 12 may control the rate of amplitude increase. The clinician or patient 12
stops the ramping of the amplitude when the stimulation causes discomfort, or
other undesirable side effects.

[0065] Programmer 20 may reduce the amplitude at the time the ramp 1s stopped
by some amount, e.g., a percentage, and ramps the amplitude again in order to
allow the clinician and/or patient 12 to identify the amplitude that provides the best
neurostimulation therapy. This second time, programmer 20 may ramp the
amplitude at a slower rate of amplitude increase in order to facilitate identification
of the point where best neurostimulation 1s achieved. Again, in some
embodiments, the clinician or patient 12 may control the amplitude.

[0066] Programmer 20 stores the amplitude at the time when the best
neurostimulation therapy is indicated by the clinician and/or patient 12, and rating
information for the electrode combination. The clinician and/or patient 12 may
provide efficacy rating information, e.g., a numerical value for one or more metrics
for rating the combination, which relates to the efficacy enabled by the
combination or the side effects resulting from use of the combination, or both.
[0067] The clinician may use rating information and/or the amplitude values stored
for each tested combination to identify destrable electrode configurations. The
configurations and their associated information and values may be presented in a
list that may be ordered according to the information, the values, or a combination
of the two. The amplitude value may, for example, be used to distinguish between
tested combinations with similar ratings based on the power that must be
consumed in order for each combination to enable desirable neurostimulation
therapy.

[0068] Various embodiments of the invention have been described. However, one
skilled in the art will appreciate that various additions and modifications can be
made to these embodiments without departing from the scope of the invention.
The invention may be generally applicable to any programming optimization
problem in which the feedback from a configuration 1s available relatively quickly

and within the context of the clinical programming environment. This includes the
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stimulation therapies for pain and movement disorders and may include other
stimulation-based therapies as well.

[0069] For example, although programmer 20 has been described herein as a hand-
held computing device, programmer 20 may take the form of any type of
computing device, such as a laptop or desktop computer, may access resources,
such as memory 54, via a computer network, such as a LAN, WAN, or the World
Wide Web. Further, programmer 20 may include a plurality of computing devices,
which may communicate to provide the functionality ascribed to programmer 20
herein via a computer network.

[0070] Although described herein as associated with and interacting with a
clinician, i.e., a clinician programmer, programmer 20 may be associated with
patient 12, 1.¢., a patient programmer. In some embodiments, patient 12 may
simply interact with programmer 20 in place of the clinician for some or all of the
clectrode combination identification process. In other embodiments, patient 12
may perform parts of the configuration identification process without being

supervised by the clinician, e.g., away from the clinic, using a patient programmer.
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CLAIMS:

1. A method comprising:

selecting a first parameter configuration for a neurostimulator;

receiving an indication of observed efficacy of the first parameter
configuration; and

selecting a second parameter configuration for the neurostimulator based on
the indication of observed efficacy and a set of additional electrode configurations

identified by a decision tree.

2. The method of claim 1, wherein the parameter configurations include
clectrode configurations, each of the electrode configurations defining a

combination of two or more electrodes for delivery of neurostimulation energy.

3. The method of claim 2, wherein each of the electrode configurations

defines polarities for electrodes in the combination.

4, The method of claim 2, wherein the electrodes are carried by two or more
implanted leads, and the electrodes are associated with different target regions

within a body of a patient.

5. The method of claim 4, wherein the leads are implanted proximate a spine

of a patient.

6. The method of claim 2, further comprising iteratively selecting additional
electrode configurations for the neurostimulator based on the indication of
observed efficacy of preceding electrode configurations and the decision tree, and
terminating the iterative selection of the additional electrode configurations when

one or more termination criteria are satisfied.
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7. The method of claim 6, wherein the termination criteria include selection of

one of the electrode configurations with an observed efficacy that satisfies a

threshold efficacy.

8. The method of claim 7, wherein the termination criteria include an iteration
limit.
9. The method of claim 2, further comprising:

iteratively selecting additional electrode configurations for the
neurostimulator based on observed efficacy of preceding electrode configurations
and the decision tree;

terminating the iterative selection of the additional electrode configurations
at a final electrode configuration when one or more termination criteria are
satisfied; and

programming the neurostimulator to employ the final electrode

configuration in delivery of neurostimulation therapy.

10.  The method of claim 9, wherein the neurostimulator 1s a spinal cord
stimulator, and the final electrode configuration includes electrodes deployed on

one more implanted spinal leads.

11.  The method of claim 10, wherein the final electrode configuration defines a

combination of two electrodes from a set of at least eight electrodes.

12. The method of claim 1, wherein the first parameter configuration includes a
first electrode configuration and the second parameter configuration includes a
second electrode configuration, wherein the first electrode configuration 1s defined
by a root node in the decision tree, the method further comprising expanding the
root node to produce a next-level node defining the second electrode configuration

when the observed efficacy for the first electrode configuration does not satisfy a

threshold efficacy.
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13.  The method of claim 12, further comprising receiving an indication of the
efficacy of the second electrode configuration defined by the next-level node and
further expanding the next-level node to produce one or more additional next-level
nodes defining additional electrode configurations until one of the electrode
configurations associated with one of the next-level nodes satisfies the threshold

efficacy or an iteration limit 1s reached.

14.  The method of claim 1, wherein selecting the first and second parameter
configurations includes suggesting the first and second parameter configurations to

d USCT,

15.  The method of claim 1, wherein receiving an indication relating to

observed efficacy includes receiving user input indicating observed efficacy.

16.  The method of claim 1, further comprising updating the decision tree based

on the observed etficacy.

17.  The method of claim 1, further comprising updating the decision tree based

on the observed efficacy for a particular patient.

18.  The method of claim 1, further comprising applying a first decision tree to
determine a neurostimulation therapy type, neurostimulation device type, lead type
and symptomatic indication, and applying a second decision tree based on the

determination to select the second parameter configuration.

19. A computer-readable medium comprising instructions to cause a processor

to perform the method of any of claims 1-18.

20. A device comprising a processor programmed to perform the method of

any of claims 1-18.
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